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1111*1111 m^<r>mi&mt<Dmx'CDMA:fj^\zx 

Sites' 5 r t ■Sr^mtl-SIS*^ 1 IE 

[i«*95] ±IE^ib^ltStfc<73»it!2^;5^fe]i||ff Six 



A. 

[if *ii 9 ] i:.^m'^<Dmm'miz<nfS\-^<nwm 

hSr/hS<L, ^/^^£»^t^<7?tet!c^Sr:*:#<-^- 
[»*«1 1] ±E#Sit!2^(ri3V^T. ?jfS(DSlte^ 

IS*^7, 8, XI4 9tSii(7?S'K&->;^xA, 

it*ri 9 E^ojfflfi: v';^x A, 
[iS*^ 1 3 ] ±E^«)^*-feSi«il^:^l6]<oam5^-V 

[iS*il 1 4 1 ±iE^!li)«/J5^-^Stt<^tfl|o#^(cli 

^i<o^&-&lIl4^^^l^«(Dj^^tlcffl^^e>4^5 

• f^y^-^i^%:m^x±^^wjm<oiiLm\nm^mm^^ 



(3) 
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[0 00 1] 

&as:a!i&i--5ffly©'>^xAiiiii-t-5o 

[0 0 0 2] 
[00031 

[|l!^A5#f^LJ;5ii-?>^^I ir6-C\ ±IEGPS 

V\ -^rc^A^^^iJi: UT, CDMA (??^^fiJ#7C^i^ : 
Code Devision Multiple Access) ^^(75 V ^i^t^^iT -f 

[0 0 0 4] ffl^. i^«<7?»«tiJ:'9^S-~fc=PfS'bW 
«iffl!lT»ii» (^^])^') ;55PN (lifa$t|P) ??^5S?'J 

[0 0 0 5] ±iE^-<^ K/wJ2:titiift:^^lwJ;»)§{f« 



X. PN^?lJroitv^{cj;^)#^(7?^•^y^^>'^^{£ffl1-?, 
zti-'^mt^i^o :i(DXof£y^-<^ \-ji'ti}:w^mm:fj^ 

[0 0 0 6] r(0CDMA:^^i::J:5f i^^/i'Sgitbii 

[0 0 0 7] t;5^L. :i(7?cdma;^^X'(' v^^-'i'^tb 

[0 00 8] $fe-f . ^tb4SB*tJT-S'J{J5rn5^T(7?ffi!lffi 
i^:^TMz^miri>z.tX'h^A\ m&:m<Dm&<o&M 

hitiiK i(r>tkfli.'^(D&mt)m9hmizid\,^x=J')tno 

[0 0 0 9] 4fc, CDMAlfr^x-f v^^J'-'L-^tbilftv' 

[0 0 1 0] c::t% ^lia(f v/^xi.iT^S^fitiTiW^ 
Sria 2 0 iZTjk-t, El 2 0 ic/T:i-sit!2^ 1 , mmm 2 . 

U!S«J^3S:^tp®J^ 1^^:31 yr) 2 0 1, 2 0 

2, 2 0 3l±|!fK^<|fe-<e5ixTV^5o m?Ht. mi^2 

0 3fy<Dmmm3/)^hf$-W}i^^2 0 4-^Bift-t-?)^-g-(- 

2 0 0 Sr^LT^iiilig* 2 0 4 ^::J^lm$^^5. 
(00 1 11 r.tl?>Offi«2 0 1, 2 0 2, 2 0 3<^« 

Site^i. 2, 3(7?j^fffl;;^)i4£>?ia/hPgtrjq]x.ib4x-C 
[0 0 12] 0 2 ll4-fe/uylcftg$n?)i^±^»)am 
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t w -?.-c?*j;v ^A-^' <0 ^Kffi* 2 0 4 jt^ji < - 

Hz^^i-Xo\z^ Slt«RW(7)e«RS§BlliE«!SDWro 

[0 0 131 1212 2ttmiSiWeaS!§Bitft^3iStroM 

^t!iffi*2 0 4(riott5Slti2^;4^ib<73a«EC) 

S ffl V ^fc$|J{^ ■> ;^ 7^ A (D:^-^- (cli . ^fiig* ic*3 It 5 
^AXiSM;5^bo«Sj§SSl4A#<«i^'icv^;i\ CDM 

[0 0 15] ^:LT% *^PJ{4±jt<73^tWl^M^, 
[00 16] 

i^l4. 1S«fecDSii!2^i:(;5P.a-C'CDMA;^^twJ;!ja<f^ 

[0 0 17] ±fa^ib^l4±fEm(73Slfe^iiSj2l 

iwtblSfl-smwttfe^gii:, Cix CRISIS witlS^Sl^ 
[00 18] SPjIc, ±.^5Mmm\-i.-^)\^^^<Mzi:^X 



^Sr, ?;T^<7?Sit!J^;5^bjiff h ^^tet!c^t■§■ 

[0 0 19] %fz. h^^mmt^hm^-^^^mii^hmt 

[0 0 2 0] ±ts.^W}Mi\m^(DmmMit^<bm 

[00 2 1 ] z:lX\ ±ia»t!j^l4. iF-feSlgcwSJifi^ 

[0 0 2 2] ±f5->>'^ • f--^^'^^/K75p< i/ir- 

m-f 5 M«1t$B« ffi ¥^ ^© It ^ <b 5r It® 1 1- „ 
[0 0 2 3] Z.-LX. l.VL?]\%<r>-&'iisM'Bt.-U-^<r)fJ\-^<r> 

y,\m'&.%mi-^y^--i^^'it\^xmt'>r^z.t^m'^t 

[0 0 24] ±|E»l{5tl?fflf--1r>'^/K^7'-^ 

<1-5rt^!ltmi:1-5„ 

[0 0 2 5] fSj, ±iE=&Si{!2^lC*3V^T. F>ffS(7?SJl!j^ 

l4±faBFf^«S«6^t <oMSri^1-5 r i: Ir^mtl- 
5. 
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1 0 0 2 6 1 ^<r>0 7L. ±famS<^Site^SU<?>'r^wS 

10 0 2 7] ±E^K)®^^f>Sl{tj^:^(6](^a{t^^i';^ 
[0 0 2 81 ±IE^K^i45#t,§tt^t§(7)^-g-|C 

[0 0 2 9] ±fS^t!j^;!»^bSitfe^:^|6]<^ii 

10 0 3 01 $fc. ±E^«J^;5^bi^m$^^5^-^^? h 
[00 3 11 ^h\Z. ±E^tb^l4CDMA^r^^tl)a 

waff Pir i 5m5lSc<7?S4a>l<ciifES^»i®<7?fil:ttit««: 

[0 0 3 21 

[f^ffll *^PJ^rt5^^-cl4, ^tb^tctjv^-c, cdma 

[0 0 3 31 

[0 0 3 41 0111. *«|^{C«^5il!ltti^;^7^A«)£ifi 

^S:4otL, 8HI)4S5l;5, SUfi^l, Sit6^2. SUfi 
^3, S«6^4WllSSr, -en-eix (x. y. z) , 

(x,., y, , z , ) , (x2 , 72 . Zj) . 

(X3, yj, zj) . (x4, y4, Z4) t-f-So 

[0 0 3 51 m2\z. ^m'^^<r>mt%<n>W^ 



v^^So rocDMA:^^r-i' i^^/i';^t!)afi->;^xAic: 
7 7^5/^- 'i-^i^^-^M-t^L-k 6 4 a (J -C*) t) . aiSB# 

[0 0 3 6] CDMAJ^^r-f >'^/1^8^»ia{Iv';^xi>. 

;^xA-CI4PN??^i:ii:^Mm^ro'>*yu->3.??^ (W 
a 1 s h Code) t^^\-^^t>'^1tM%1i^m^^ 

[0 0 3 7]5fe-f. PN??#ll^^6flJ;t)^^$4xfc 
PN?9^I4, *i:ii7. 8. 10. 12ICj^e>tl5. ^< 
^ny h . ^■W;^/KOytftC0!?;*-/l'->a??-§- (Wa I 

shCode 0) It^NF-ifn-C'fct). mSI§7 5:^L 
fcPN??^(4^:0*t/<-rDs/ h • ^■t^^^/i'ir UTf" 

»l«*5Jcj3V^T£«^A»t>jim^?n5PN??^S:<tffi 

^14, ft;)5 3 2(0-?;j-/Uv'^??-^tPN?fF-i-t;4S^©|| 

• ^ + ffi;55lO!?*yue/3.??-§-i:P 
N??^i:;55^S[Sll 0 T'^g $ Hfcfit i: 1 \ 
^$n-5o K77^ s/tJ' • f-Jcy^^/W . T-^|4, fjt;)t 
n(7?^7;j-yu->^|^#iPN??^i:;J5^g§il 2T'^©$ 
Mz.'^k.W^mx 3T-«3i$n5, ±i5/<-f n y h . ^ 
'r>'^-/i'RV^-iix^ix(Dm^S^9. 11, 13-C'^^$ 

[ 0 0 3 8.1 ^iij4S5|5 5 T-14 P N?9^^4li 6 
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5, CDMA:^^r^ v^^'/'i^^K)iift->;^xAl4, 

[0 0 3 9] §^t{»JT-fc6^»I4S*{COV^T|jiBJ 
It ttli- S <t ttS HI ?g wiasSfi^ T'j; If ^ ^ ,T^-t-, 

10 0 4 0] mmmA^h(om^imm^^(ory7'i-i 

10 0 4 1] [14 fiiia-'^' -y h • -7 ^' /U^J' 1 7 (Dliiti 
(D—mtLX. *H(^CDMA:*^X'1' i^^yw^idiift 

»iifi'>^xA{:iJ;2,PN?5F^Wjl«l4*^2 6. 7ms 
T-fci^ . ±IE-7-;/f^ h • 1 775^bwai;'3'b^<;) 

jHftLTV?), ;iro^<'f Ds/ hPN:t7ir5' htl4, ;^ 
T. • 1 7;!i^tj<Daj;'j'b, o 

^mmmi. 2tr*f]t£;i-5ttJ:^s 1, S2;4S1g«<D 

(x-x,) X2+(y-y,) X2+(z-Zi) X2= 
(X-X2) X2+(y-y2) X2+(z-22) X2= 
(x-Xj) X2+(y-y3) X2+(z-Z3) X2= 
(X-X4) X2+(y-y4) X2+(z-Z4) X2= 

[0 0 4 6] ±|E (1) ~ (4) ^IC*3^^T« *^fcl4 
X. tpi, tp2, tpj. tP4W7i@T' 

ll-tix-ftV to + t s , . to + tsj, to + t 
S3, to + t S4 -C'feS., wnb<7?^^J(;:J:5PN?J 



[0 0 4 2] I15I'{±. ^Sifi^^^^fjK^m^ns^^'l'n 

^^«^SSr^1-o Ty7-f-2 0^^\^x%hh,^^^mt^ 
brom^l4§ft«^2 1 T-^^"?:/ s&ot^ts^? 
4x> ^^^2 2lcA;^$n5„ PN??^^^^2 
3T'|g^$nfcPN??F-^'b±iE*^^2 2\zXts^iX. 

2 4 t::A:^S?ti, #^^J<73^it^*S*/45£U 

-g'J?$n-Cl^<. ±IE«»ll2 4-C»4SlJ»[l]K2 6(Oy 

i:>-fr, ^(^ai*(4StJI9lH]SS2 6IcJ;i?;1n-/uKIh]S§2 5 

m^x<oimmx'h'o . PN??^iji«^(o^msr#-5 

yt*{rj4PNif?^«4S2 3roai:^SrB#P^6<)JCv'7 h§ 
< X^tsZ-tt^W^Xh^, 

[0 0 4 31 2^1-, mmjmz-:>\^xum\z%miri. 

±1E«-Sffl«l, 2. 3, 4A»bslf3§n5{t-§-<^i^«) 

STfeS^-eo-EDSB^f^Sr t Pi . tp2» tp3, tp 
^b-ri>. ilESJtU^l, 2. 3. 4.\tl't>^ibhixfz. 
,<^u y ^PNx^7•^r•> hi^-fc'Jt-f bL-CPN?5-^5rK& 
ftLT*3l3. ^-f^aji^W^rt si. ts2. ts3, 

t s4ii-5o ^mmz-Th^fi^^x-mt-r^Wi 

•^coPN?9-§-*3ift-t-5B#^J«r to i: ^mmoW'Wi 
5 1 . 2. 3. 4 <D P N^f ^SrgW-tS 
BtSJSrt,, tj, tj. t4 tfSo 
[0 0 4 4] io-C, «-Xi1!>^l, 2, 3, 4 t^Wii^ 

fct.<Oi;l^LV^WT^ &<7? (1) ~ (4) ^;oq#t.ti 

::wTi4. 4oroSiffi^A»ib<DPN??F^Sr1tmx-t 
itiiLX^SLf^ t-CV^io 
[0 04 5] 
:(tpiXc)X2 • • • (1) 
^(tp2Xc)X2 • • • (2) 
^(tp3Xc)X2 • • • (3) 
^(tp4Xc)X2 • • • (4) 

"C. ^:n-eiX(^B#^JI4 to + t s 1 + t p 1 . to + t 

S2 + tP2> to+tS3 + tP3. to + tS4 + 

tp^t^l^^ :lZX\ ^t!)ffi*5rt-e<0«!.SB#Hl4*S 

m^ixiitit. ±.te.iix^ix(om\x'iiwmLx$3i>o 

[0 0 4 7] CDMA:f3^7'^i?^/l'J»mmin->^7'J^ 



(7) 



<^mW-7-l 8 12 4 2 



El 6 \zyf^^ti^ X 0 \z^mt&^n p Nn^-^mm^^ s 

dt2=t2-t,=t(,+tS2+tP2-(to+tS,+tp,) = 
dt3=t3-t,=tQ+tS3+tP3- (tq+tSi+tp,) = 
dt4=t4-t,=to+tS4+tp4- (to+t Si+tPi) = 

[0 04 9] ±!E (1) ~ (4) ^\z±fi (5) ~ 

(7) ^^i)a^it^n7mzf£<o. ^^mumx'h 

[00 5 0] Jikd. ^-i^ hyi'e:»{t^<!0iiJjf5;J''i' 5 V 

07t;;^1-. i^i!l4S*5IC*3Vx-Cgff$nytfi^l±PN 

3 0 T- P Nf?^ t <7?ffir^ffi;)5f+W S 
w(75PN??^1=SP^S3 Oli« A{^&«]i::(4IIl3Xli: 
I2l5(C/^^t^:[H]^Srfflv^^.„ :ic75PN??F-^1=SMSg3 0;5> 

1-?>o Jtl!5S3 3, .3 4^fflV^T:. ^tima<b. c 
<bco^#-C«:iSi^^1^i±lt, fttSJUS 5SrfflV^Tb> 
dro^#T— ^U-iyPEiiWtro^ltffitT, ANDU 
SS3 6^^-f-:ii:tcj:t9. P^^J^IEfti-^fcftoi'^t'^- 
://Ws^EN, t tT*#ii;9-$fJ»lEl8S3 7{z7^t)^h 

mn3 7\ZKtl^mc »tji^®J^lH]K3 7(i. ±E 

tJit^EN^. ENs ^5^T^^'1' w-</K75^-g-(;:. »iZ; 

10 0 5 11 ±fECDMA:^^x-f v^^'/W^ttiiftv';^ 
X A<DS{Sf»JT-l4 . R A K E §ft<t i V ^ 5 S^B Srftffll" 

dma:^^X'< v'^'/i'^tbiiff >';^xi>.T-i±, J; I9^v> 

[0 0 5 2] r*tJ::*fLT. *58M<oilliJfi->;^7^AT- 
lt&rosm^^JSriB!lfil:fcfiJffl-f-5. Slfitv'^^xAirtJV^ 



gffB#roNFMMd t2, dt3. d t4(4l!J:0 (5) ~ 
(7) ^{ZT^-rXoiz^ii. 
[0 0 4 8] 



:tS2-tS,+tp2-tp, • • • (5) 
tS3-tSi+tP3-tP| • • • (6) 
=tS4-tS,+tP4-tp, • • • (7) 

Tit. &mmn-bmw}t^M^X'(D^f^^mi:^^^tt'^ 
mwxh<o. mm(r>^i^^fj:y<:^\it'w.mmz&<^ 

[0 0 5 3] 111814. ±j$CD^/Wf-/-5;?.(75 5*)-C'*t-f- 

Z.X\ PN??^1^lttilH]?S4 014. El 7 IC.T^I-IU^-C'fc 

EI9{c^$n5<t5(-v PN^?^1^tU^4 0 7i^b<^ 
tii;^ O D tt^/w^/'?;^ i o T#£»^fet;:® S o T tU 

?.#-g-(w(4. *»ia^(rmLfc|i5iaSr^fe. ^<7?I5I1 

'iv^, ±IEPN??^«iail&4 o»4. Eigroi^ajfflWi p 
^^•t-fi^^£rA;^jfS-S-EN2 t L-CA:^-t-2)witcJ; 

D7 y -i'T'yn yy4 1 ;5^feOtll;^(4NOT[E]?S4 
2-C-5lK$n. r(73Sls{t^;0SA;'3ff^EN3 i: LTA 
:^l$ix5o ;i<OD7y 5'7'7a2/-/»4:^mm^I P<05t 
SST^ife^nsyiri/ h^f^RE(cj;t)tll;^)A5p-^^ 
)^tf£^. l^tUWr^I PrtT-*ii;,'Sr;45^^tii$n5o * 
Jc, »#i^.;^».^t^WR;!l5^4fe$i^?)i:^^'^ ^-<^^i:?i 

'T^-f-i9/^PNf?^lgMS(7?^^(ci4. ::coPN?sf^tg 

Xm'9-^^il\t. PN??^OtSgaffi;^ll4El9TvT^$tl?) 
m;^i:l4i^Bg6<)»ciS»:^ri«n»3m;^i$n-5o ^■ro4l^tc:i4. 

[0 0 5 4] 4o«)SJte^O/Wny h 

• ■9^^ri';^/HC^*i^5PN^?#Sr^^||±ii-5yS:i^){cl4. 
)i< T{t#?Sg<75§|v>P N??^t1^m.t/^ltni4/i b/j: 
\\ E15lr;^^1-PN^?^^=iMli^:fflV^fc#^lcl4, PN 
??^SrS< ttt. lHl?S^«l45fe^;*:#<;ie,-f, ^ 
BiSri:5PN??f-SS:^x:5rt;S5§a-C-fe5. flL. 

<giv^PN??^ST-«im-r?)::t;05T-t-5iO^ ^wn^ 

Tt*5. ^:wT\ S-f PN??^fi5ritg{W@< LTP 
N«?-^O^tiJ«:fT9. Zki\zS:y)^ Sllfi^4o5^opN 
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fB^im^Ltzy) ^i)i>mm\zpiin^~S:^^^xmm'k t 

10 0 5 51 1 OO^m^A" h (D^Jl'^/<:^ (OohMih 

;!i5;5^;5^b!'iV^mg(7?PN?9^ST-1^tidlrtTV\ XklcPN 
twit). ■^v^J55^t^5Sg(7^|gv^PN^^^^. <ttUB#WSr 

t3 (t 5 site^ 4 o5>(^ p N^?^<75sm0t^J/i5SlJ^T- 
t. ^^^^cJ;t)S^ft^*w^a:ll^fc±fE (i) ~ (7) 

[0 0 5 61 ±a!LfcJ;5(:i, #Sia^wffiB^g!E»i 

I 0 0 5 7 1 El 1 0 IC(4, ^affi^cDgff lH]8l<Dm 1 (D 

•fes'h^. El7lr^1-J;5'j:1»fi!t<73PN??^^tmS5 2 
T-PN??^co^''r ^^^^'SrSi-t, •tOjSmSrv'V^' • ^ 

5 014. ±fSA:^$nfc^'-i' S>^^irPN^g:^5r-^b 

f-^r:^;^;/HCI4•?:OS«6^0^l!f«;iSji^P,i^T*3^?. 

hPN;i-7-fey h;45$*Jt5o PN^M->7hfttt 
ffilllK5 1 14, ±f2ffl^^?nyiL>':^^' • ^■t^'^yu • 7^ 



I"?). ttai$Jxfc''<>rni/ hPN:^^^?'^ H4Slt!2^&J 
PN??F^^^5>^'tttBlHl?&5 3»cfit^$tt5, -:^r, 
PN?if-^^mSl5 2i4«-^'f' 5 ^^"c75t9MftSrSJ&^SiJ 
PN^?J^^-r5>^^tttll[5]^5 3(C^^&1-2,„ Slffi^giJ 
PN^?^^?^$^^ttaJ[El^5 3(4->^i' • f^•\'>';t>^^ 
mP3IS5 0*J^4LTV^5 PN!iff-0«!SI^-r ? Vi^t 

PN^r^irs/ hi;5^bS5i<7?^''l'S Vi/^eitliL. PN 

L-CSil!s^ai^ttJ:^lll?|5 4lc:Wif^1-5i:i:tJc, =S-S 
Ife^cD/NV n >y h PN:^-7-t s/ h t s , , tsj, • • 

•iSffBf^jt,, tj, • • • t^\iLm\nm^55 

\zWi^-ti>o =§-Sll!2^(OPNlf-§-(7?/-«^n 5/ hPN;i-7 
•fei/ h^SrS«tSio:tSJl!2^M^tll;'3[Hl8S5 4l4fiiBfm 
[Hl?S5 5{r#Sifi^(75J||^Sr«)^1--5o {sStetf-^IUKS 
5 {4=8-Sia^(0/-«-t' n .y h p N:;j-7-fe h t s , . t s 

2. • • ^\mnty. • • sot=g-»iifi 

m<DmM'^^ (Xi. yi. 2,) , (X2. 72. Z 

[0 0 5 81 ^i)ffi*(7?Smie]S§(73m2(^etl5S6<3 
fm^%:mi lli/T^-f-, C(^^2ro||Sfe0iJ;5\ ±a!Ufc 

fflV^Tg^<0/-?^n-> hPN:<J-7-b-;' h^c:ltT-/.e < , 111 
[0 0 5 91 ww-C\ 01 2ICCDMA:^^X'f v?^'/!' 

5/ hPN:t7-fe-> vtm.Wi'^nfkm^mxi>zt\zi. 

[006 01 ^tl)iS*^€i!ISA^, M4 y -tr h 
^. #tbS*l4PN??-§-:^ai|g6 2T-PNt5^0^''l' 5 

l::gl5o 'y^i' • ^•vi'^^^i'«gBli6 0l4-5-w^'>r 5 :^ 

m!S-f-5o • ^-^>'^~/Hci4^r<75Sift^(7?i^^;4S 

igbtLtJst) , ^:<0't>lci4/<-i' p 2/ KPN;d-7-ir-> 
^*ix5o PNB#H->7 hitttaiHlKe U4-?:ro^S8$ 

05, hPN:i-7-ty ttttS^nfc^''^ n 
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ftSrSlfe^giJ P Nn^^ 1" 5 ^ ^'tttUHIg 6 3 

Sflil^SiJPN??^^5''l'?yi/ttttllllK6 3tti/>i? 

II, #Slffi^C>^-?'l'n.> hPN;^-7-fe2/ h t sj, ts 

6 4{i. &Bff^|5i?S6 5{z#S«!j^(7)ffiS1f«5rttif& 
i-5o feSf+©[il!S6 5l4=g-Siffi^OPN??-^(D/<i'D 
y h P N;f 7-fe N t s , . t s 2 ^ • • • , SfSB^^iJ 
t,v t2 • • &i:>-^Slt6^<^ffiS1t« (x,, y 
I, z,) . (x2, -y-z. Z2) , • • ' t^h^Wi^ 

i 0 0 6 1 ] ^»ffi*«73SftlHl^<OM 3 (DWm 

PN??^1^m«7 2(4PNt5^<0;$'>r5 Vi^«:l|'<, 

^rotfiril/^^ny hPN:i-7iry PN 

MlSifi^SiJPN??^^'^ 5 ^'^^tttHIlte? 3 

10 0 6 2] '^-v^i^^- f^^V^^/U'«Iil§7 714-t- 



zii\zx •? , Sii!2^JS^tti;^lHlK 7 4 l±/<>r n y h p n 

taMfiSrSia^sijPNi?^^?^ Attain ?g7 St;: #t 

J&i-So Slfi^S'JPN??-%^'^5>i/ttai[H]?S7 3H-> 
• ^•ri^^yl'«S9ll7 0;J5«4LTV^5PN^?■§•<D 

I^WL, PN?5F^1^|±i|g7 2(;5l^aiJSmA^ej1ttil$nfc 
^S-Sife^K)''''-<'py hPN^7-fe«> h t s, , tS2> 

th\Z, ^^^m<r>/<-^ uy hPN;*-7-fe-y h t s, , 

t S2, • • • tgff^^Jt, . t2. • • • t^feB 

H-©(Hl^ 7 5 IC^|&-t-?)o =&-Slt!!^(73/<-|' n i/ h P 

hSrS»tfloy!:Si«2m«tiJ;(3lllK7 4li, fiUfi 
tfjmiK 7 5 l::#Slft^«)M;6S1W«S:«til&1-5, ffiBtf 
^[ElSS7 5 »4#Xit!2^(D^-;-i' n J/ hPN:^7-fes/ h t s 
1 , t s 2 , • • • . Sff Bt^J 1 1 , 1 2 , • ' ' . R 
0«#£iffi«<OMS1t« (xi. y,, z,) . (X2. 
y2. Z2) , • • ■ 7i»?>^»iiSg*wfeB?S:ff^U ^ 

I00 6 3J ^i<lffi*ro§ff[Hl8S0^4(7)«ll&«) 
jfe^^SrEIl 4iC/T^-t-. r(D^4<D^ii0iJ;*^ ±iiLfc 

•>;^ri^C0jlffl;iJM*§$ilTl^5i: CDMA:^ 
i/-fe-v^SrK(t^ r il4, K^r|g5E$^^-Cv^54S*t;:Pt 

i-^r ttwitj, CDMA:^S;7'-f v'^'yu^Kiiftv';^ 

[00 6 4] i^»ffi*wmiiSAm, ^VM4 !J ir •;/ h 
PN?5F^«^aill8 2l4PNiRF-§-0^'-<S:^j/S:P 

•VV^ •f-YV;^>'l''^Sail8 0l4^-(7?;?'l'$^^^lrPN 

•J, ■tOl'Icli/NVos' hPN^7-fey h*s^4tl5. 
PN^W->7 bftttailHl«S8 1 l4-tW'«glS$n^T-^' 



I 



(10) 
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1 t) , ^mmmmmti^m s 4 i4/-?-i' n ? n -^y h a 

^^/UmiSIgS 0 *5^^-t-5 P N??^<7)^^ $ V^t P N 

mm-yy hi^mm^s i;5^pjg»t^5/<')'n-;/ fpn 

5/ hPN^y±'y h t Si , t S2 « • • • ^#^bT 
»«tjm^ai*lHl!l8 4lc#tif^1-5t tttc, 

sff^^t,. tj, • • • t^&mf\-n^f&8 5\zm 
&m^(omm\mim^i-^. f4en-^[i]^8 5i4#£ 

iifi^<7?/Vny hPii>I:t7-fes/ h t s, , tSj, 

• . Sft^lPj t, . t2 • • • . SU'«-Si16^<7?ffi^1« 
^ (x, . y , , z 1 ) , (x2 . y2 . Z2) X • ■ • 

10 0 6 5] ±!s^4oiiji««jT-(4, mmm/)mtzi,zB 

o^Mmmi:±^<ir?>ztizX':>X. iaiKiffir-^? 

• f■■lr>'4^^^T'ii*^S1-?)7="-^5'l4'>'i<TSitS^l 0~ 

2 0^^«)^<-|' D 5/ h PNv-7 Kli&U^fitHit^-efo?) 

t . i^'^^' h/U'Jttfcft-i-f^f-iJ' >-M4 100bps 
{t->;^Ti:sO;^'<^' h/uti:m^l±i 0 om^h 3 0 of$ 

u&X'hiAK mimM=f^y^-yi-<Dm'^\z. m^m 

0 0 0 Oim±\z-ti,z tizXoX. UE^w^+i^j^yi' 

<ommmtnzit-<x^+^<D-uT. x-^'u-k^j: 



[0 0 6 6] 4fc. ±?if^4<r>nmmxm-<tzx^\z^ 

i4\ im^mm^ {m&. ss, ss^) ^rfflv^-ci^- 
nLx. m^\i. mm<ommmfimmmix+ 10— 

1 0:$)'. Wi&^X'+ 100 0 — 1 0 0 Op< — hywii" 
±iaiil«S/i6 5 t*>> hSr4 3ifs/ hl;iifp:t5:ii: 

[0 0 6 7] ^blC, ±iE^2. ^3, ^4<73^ife0iJIC 
tJWX, at/hP N:^y± y V t'Sm.'^ 

«lt«:El(§1-5^-g-J;i4, Sil6^7JSn^-Cfe5t1-5 
01 5tC/T:$n5<t S^r-^DTiSt/^ 

hCB2, • • Si1fi^r-^DT„, ^ayi'try 

-r^., ^ii)ffi*;4S^J>gt-t-^(^3{4, PNt?-^ 

gi:tSi5i£J<SI4«v\ r ^t!)iiiftlc*3V>T(43im 

T'-^tc^?) Sr^-f t'-;/ hpiJ'^^iS- 

mi^±t<^iiho tSoT. ^•5«ll±iX(4SS9fT]Et?F^4r 
^ttt5T-^'<0*&Sr/h$<1-i%l4, lo<75x-^W4 
•C-|Si9;)5^C55t*(4/h$</i5c SKiffi 
*I4±-C<73 P N!if^Sr^^tBi-5 r i: ;65T-# fcSite^'^l^ 
«SrSftSi5 r t /4S-C-#ni4SiJRSrtf 5 :i i t^Xfs 5o 

[00 68] ±iam!gc<7?iiJS0ij-ei4, c dma:^^x -f 

S (Radio Determination Saterite Service)<75 J; 

14. /iA/f);5^<75^g=&ffll^TS^i!iffl*-C-SiH4Lfc*£*ir 

±y^\zminL^j:nix\i^j:hf£\'\ -erx'. cdma:^ 

[00 6 9] 0 1 6 14. S:itmm<0^\'y^-Ji^<Dm^ 
tam^i^LX^*). Tl^'ri-S 6X'$in^i:^tz^-<ir 

h^i-ttrnm^it. sftfiftg 5X'^'f^'y^^ji'miz^$>i^ 



(11) 



8 12 4 2 



/wtSfSUsi, • • • Irii?,ti-C«ra$tt5.. znri; 

• =}-^>:^^jU(Dy^—ry hii. Ill 1 7 Id/T^f i 5 
•;/-&— v>fiML, p< y-fe— • Jj^x MB. St/^ 

y !9 ST 5 w <!: J; o-cail&r-^ (^$cji;55 Bl^fc/j: 
10 0 7 0] HI 8tci4, Ti'-lr;^ • ^ + >';^/u5rfflv^ 

ffli^ 1 0 0 »;ijie>ix, ;iroS!)lJ?^ i o o x-miiLT-.^ 
{ci^^n ^ iijsx- ^ D d i aiix - ^ 1^ 
0 1. 10 2. io3iceii^$ 

1007 11 ±m<oQ:o\z7^±:^ - f-^y^^j^^m^-^ 
cfJ- h 7 7 >(• i/ • 5" t mtix^mi^'J- Y 

iTJ^T't^o -hfS by 7^ i/i!' . ^ 

-< i'^' • 5'-\ri^^wi'SflS9 3, • • • trjie,ixT«IS 
[0 0 7 2] CDMA:^^-r-< v'^'/'l^^iliift 



OK 1 0 2. 1 0 3lwe^|$i^5, 

[0 0 7 3] S/c. ±ESiK4l|fflf'-y^^^/l'^fflV^?)^ 

[0 0 7 4] rrX". }L-&(r>^b\zm'^%mf'ry^-i\^ 
*CDMA;^S;T''fv?^ /w^ijiiff •> ;^ x a icfS; it T »J 

Bam v- ;^ r A wi;i£«*iw^,j^«i45 tti X . mms>m<o 

T-t-5o ^ • 7^— V-/ hf4CDMA:^S;7=-f 

(Dmii'y^T-j^itm 1 9 \z7f;i-x oxh'o. ^^tbs* 5 
5. r(7?iiftfs^i4Sijv';^TA<oSlfe^i gicsm^F 

tv. ^^-1^'^ 1 0 1 , 1 0 2. 1 0 3tcGii$tl5o 
[0 0 7 5] 

^(Dum^m^i-^miu.'yy^'rM.xh^x. ±ts.mw<r> 
i^^mmmmizsi:it>hixitmimm<om^^mnL. m 

[00 7 6] t^. ±IES^i()^J4±IESISc0Stffi^;iSj|| 
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[0 0 7 7] ^b\z^ ±ISi^lil^»4^/U^^<;^(Cj;o-C 

loo 7 8] ■trop;^. i.wi^^m^h^^^'&mmt^h 

roPN??F^roeiaH4tg?rlfi]±$-fr5ri:;)5-e^. w<DP 
[0 0 7 9J ^e^l', ±lE^»)^(4lSI!c(Oait!2^;>^bji 

±$-fr5r t;45-C-t> ^<0PNf?F^O:g^tllB#K^^iffii- 

10 0 8 0] zzx. ±ti^wsm\is ^itm^(Dmm^ 

itu^nt^'r-yji^tLxm^. mmn&mmfi^hm 

i •? , h^d.^m^(r>&M^n^ir^mz^i,mfi^^m\z 



[008 3] ^-CD 5 X.. ±IEi|iJfit^ffl^-y >'4'-/K75^- 

^<ir^z.b\zXKi . CDMA*^(Ox-< v'^/L'^tbii 

[0 0 8 4] Z.Z.X\ ±IE=S•Sifi^^c:J3V^-C, glf^t*^* 

1 0 0 8 5 1 ^<D0 7L. ±.mmfE<D&v^miSi,xm'^(r>m 

W:i^tmM'^mt^m{Birhm\z^ ^ix^n^^siteMfe 

(Dm t) ?3 fTjE??^^SrEl<f 1-5 r t J; 

f— t';;^--(D^|?^«: Silts w t ;45-C-t 
[0 0 8 6] ±iE^tb^;0^f3Slt!2^*l^wiim^-y>'4^ 

^4fi^t«^^Sl1!!^*v^|±alm*fflwi=S^I-illfI1-5 r 
ji1-5ri;45X't5, 

[0 0 8 71 ±.tiMWimt^nh^\vim(Dm^\z 

^vM4i»]ei|ffl<^tSSicKlfBl-5::tJiJ;(9. cdm 
KIj^Ot^ 'yi> ii'^WiMt'y^^'TMzXKim'tiL^ixf:. 

t^^^9iJfi:«S«Sr«5ill1-5 t t^xfi 

2), 

[0 0 8 8] cott, ±tS^tb^;5^e5Sit!2^;^i6]<7)ii 
{t'^-^y^>Mzm\lL^^mtm^\:y^^/i'i:WL\1. Z<d 

««rS«^^vM4iWffiirffl«?f=S^frii^{t1-5 ^ t J: 

9, CDMA^^(D7'^'J^Jl'^WiiBiB'yy^y'J^iZX*) 



(13) 
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[0 0 8 9] ±.m$'W}mt^hvk{t^n^:^^^ V 

/w^ftiift i^;^ T A ic J; 5 gpjffi $ H/!:^i)4S* 

[0 0 9 0] ±iE^ti)^ttCDMA;^^X-f v> 

^ )^^m^\t v';^ X A ic J; 19 ffiffl $ JiiiSfc^ ^' ^'^^ 

v?^' /u^S&iift Ate J; sSlSroSitiiJi^v MlffliJfi: 

+ ^'^^^KOfElise'j/ilijigSr^i- 
m-rmx'hio 

[0 5] l|2(7?PN?5-^^liJlH]?SrollEl«se<j^j:«figSr^-t- 
[06] ^tbiS*-C'^ai$tv^»#Sifi^(O^K^^-t0 

1071 ^W}mM<r>PNi[^^mmm^(Dnm^£m^^ 

^^i-mx'h^o 

[0 8] m2(D«^tbffi*WPN??F-^^ailH]K<^«lll&6<3'i 
[09] 08OPN«f^«^tH0KJr*3lt-5 3'-i'5:^^^^ 
[010] ^«jiffi*oW6<)7'^«^Sr'T^-r0-efo.5, 

[011] i^y^ • 'f^y^^/^^m^tLm't(D^W}mm 
<Dm9&mm^i:mtmx-h^. 

101 2] mi&mi>^h^mm^fil(D/ 'y±-'y ' 

[013] ^-'jyif •^\y:^^jv^m\^itm^ni^Wi 

m^(n>m,Wm^^7r^i-^X'hi>, 
101 5] #Sli6J^(^y s'ir--:;' • y^—^y hSr^-t 



0r"fc5o 

[016] CDMA:^^x-f v'^'yu^ibiiff 

[017] jlijfir-;5'(7)7;j-— 7y h^^-f0T-fe.5o 
[018] *^BJlc#.siiyfi:->;^xA{;j;;5jiffi7=^-^ 

[019] *«0Jlcff,5SiJe->;^TA»cj;?)ffliKir-^ 
SrS^i-0-efe5. 

[02 0] r-f v'^'/l'^lbiimv'^xAWtilB&fitJ**)* 
Sr^1-0-C"*j5o 

[02 1] Pi±^t!)ii{tlcjo(t5fl;jSegRro«tiiS6<)/i« 
fiS;5r/T^-t0-C'fo-5, 

[02 2] m±MWimm:inni>^i&mi}^h(DWMbm 

[??-§-<^Si?^l 

1.2.3,4 mv&W} 

5 i^ftffi* 

6. 23 P N??f-^4|g 

14 'i-^y^^^mn^ 

15,20,96 Tyy-f 

16,21,95 

17 ■^y'j-V ' 7 ^JV^ 

19 SiJv';^xAS«6^ 

3 0 PN??^t@r^sg 

4 0 PN??-§-1^U3§§ 

50, 6 0, 70, 80 - • 'yyif • ^^-^y^-^/V-WM^ 

51, 61, 71, 81- - P NWMe^^ hittttiigiS 

5 2, 6 2, 7 2, 8 2 • • PN??^:^m5l 

53, 63, 73, 83 - • SUfi^S'JP N??-§-^'-r 5 

5 4, 6 4, 7 4, 8 4 • • £i«J«ffi^ai;^lHlK 
55, 65, 75, 85 - • fe«ff-38[IllK 



66, 76, 86 Site^/SSff $SttffilH]?S 

7 7 ^—'yyy • >'■4'^/^^ 

8 7 mm-m^^y^^/\''<s.wsr 

90, 91 Ti^±7^ • ^•^>'^>/u^SH 

92, 93 hyy>(yi^- f^-v 

94 ■ mm^i-^y^^i-mmm 
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[03] 
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1^3 
tO+tS3 

(X3 , y3 . 23) 
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v>0 
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13 h77^-7J^ 
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105] 
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DTn 
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[[2171 




im9] 



[112 2] 



SI 



S2 



Iht OD 



^]hm iP 



S3 



— ^ 


Wft 


-i^ 






































J 




J 
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J 




J 




J 





50- 



30- 



5 

S&» (km) 



1^ 
10 



[mi 0] 



so 



.51 



52 





PN^riiV>7FJ| 






54 













tsi 



53-^ 



PN^«lii« 



mm 



PN^BV>7hft 



XI . y I . 11 



X2 . y» . it^ 



X4 . y< . z* 



t2 M82 



t4 . tS4 



55 



mw 
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imi 11 



62 



,61 



,66 



64 



X 61 



€3- 









tea 



t64 



XI , VI , 21 



X4 . y4 . 2* 



t 2 , t S 2 



t4 . tS4 



65 



[mi 3] 



JO 



J1 



,77- 



,76 



/7 4 



t 81 



72 



73 — 



xa . yi . zi^ 



X4 ■ y4 . z* 



lS4 



t1 . tsi 



t2 , tS2 



t4 . tS4 



7B 



101 7] 



[ISIl 8] 



ML 
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1141 

,81 



,87 



/ 



,85 



-84 



tEl 



82 



83--- 









t S2 



tS4 



X4 . V4 . Z*. 



ti . tsi 



ta . t $ 2 



14 . t S 4 



85 



[|g|l 6] 
'90 



imi 9] 



















91 












1 
1 
1 


92 
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^93 

































96 

9fiM 1 
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[E12 1] 



a-1f^1 01 



a--tfS103 



[112 01 





2 0Amm 
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M ^ 1- 5 zliH2: ■> ;^ X i> -c o -c , 

§m^''i' 5 ^'^'ti-S :i t Sr!t#mti-2)li3j?«2fa«j<o 
ffiiSrH-^t- 5 r t ?Sri|tm t -t-5if 1 Xtt 3 IE«OSy 



b <oi^m^W<73M^J- 1 ±ESff ft ^-It ffi^S;)^ 

?i If *^ 6 fSic<7?i|iJ&->;=<- X i>.« 

IIS*^i 1] ±f^#Slt!J«lc^3^,^-c. m%<r>^)m 
11*97. 8. XI4 9ia«t<73SiKi->;:^xA. 
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Iff 1 4 ] ±ii^mmimh§:imm<o^^\zii 

lo 0 0 1 J 

10 0 0 2] 

2) V ^tjv^ 5 n 7 V- C ^i4S*Q b tvT V ^ 5. 
10 00 3] 

vv, ^:CDj:«:«ajt t-C, CDMA m%'ii^\^%Wm. : 
Code Devision Multiple Access) ^^OV'Jp'^) 5 T 

[0 0 0 4] jS^. •lt®W^)S!ctiJ;'9^S-~^1=-fS'b<^ 

ffiHMT-aeiziSi (=5E-\ry-ir) iispN (Sffiijiif) ^%im 



Sfim«T-l4, ii^ff1ii:P)-«it<73PN?9^^?iJ 
10005] iE^-^i^h ^^^i:mil^f ;^5t(:: i t) gff a 

lHl^$:fiS;3L^5li:?)C t;i5X'#?)<73l4, Pl-^?iJT'0#r^6^ 

T« PN^JlJ<0^v^lrJ;l9#iSc<7)^-^>'^^/^^^ffl■r•5 
^i^^pjtgi;/^^, z.n^ofi7^^^ V>\'^'Wmt1i^ 
<7?#j!S^fflv P N??F-^H J; o r 5" Y V-t^/K^^^JSiJSrH 

10 0 0 61 rrocDMA::^^lcJ;5x-f v'^'-'^S^»Iii 
ft '>;^xA(4^^iigS5re«)l'ffi^$HJ; 5 ,!= LTV^5 

T-feS. rciCDMA:frS:'7^-< i;'^'yu«^ibiifg'>;^T-A 
»??F^ n y h p Nl?-§-) ;65i^9SLiilbHTV^.5 

[0 0 0 7] LA^L, :iroCDMA:^^7=''f v^^'^u^tb 
aft 7^ A Srffl I ^/ciffliJfiL e^;^ X A |;i |i, ^Jcco j; 5 

[000 8] $t-f . #»)il§*{llT-iSiKiSrff 5 ^-COWi 

[000 9] Sfc, CDMA:frS7^-i' v^^/W^tljaff V- 
•^-\fMz^Bm. fiWJ^tfam^fiSr«*5r^/j:if;»s 

[00 10] z.ZX\ ^W]mit>'7'rJ>.<r>m:^6fj^miiSt 
^1212 OlC^-f. la 2 0 IC/T^-rSUfi^ 1 . SJa^2. R 
t/SitiJ^SSr^tP^Jljc (■{>— f^^aiyr) 2 01, 2 0 
2, 2 0 3l4^-MM<3fe'<C5JxTl>5. ^Jxl4\ ^^2 

0 3 p^n^mm 3 fi-hf^mi^&M 204 --i^ift-r-ss-^iw 

14, Slffi^ 3 ;5^f»<75«jS»4^*lHliaiK{c:i !? jis^ffl®^ 
2 0 0«r^L-CSHb«8*2 0 4(::2lft$*i5. 4fc, ^ 
SfflomSSA»b^»SS*2 0 4'^jimi-54i^lZt4, 4i 
*lHl«»i, SEm^Jil^ 2 0 0, RVmmm 3 S:^ Lxai 
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lOOll] ZjXb<r)mi^2 0 1 , 2 0 2. 2 0 3(D^ 

t{zfj:^ii\ i&<Dm^^<D=Fi^^^h^ <n^^fzib^z<§■ 
10 0 12] m2 ni±^u7\zixm^ix^m±^mm\t 

i:r5T'/iV^;5^#•^)^tbig*2 0 4(c:'i:S*5il:g^®< ^ 

Slt&RW^a<I-t-?):iilc/i5, CCOS^i^li, [212 
ltr*1-J;9{::. Slt&RWoeaR!Egil4ii:SjSDW(7) 

10 0 13] El 2 2 litlKrofiigSgit t ft^3i* t nm 
^Sr^i", ^|jiiS5l5 2 0 4»::j3lt5S«2^*»?)OSjfi<7? 

SJfi^lii OkmSJl±(c?S?,ci:'b^3B$n. ^^{cil 

[00 14] ^<^J;9l^. AX^gfi5rfflv^fcffliH4->^x 

«-AI^gS/!i^t(75l;&3Sgi4:*:#<jtb7ii,^;!i*\ CDM 
A ^ V? /u^tbiiff ■> X Sr^ V ^ yc#-& i±, 

10 0 1 5] ^ZX\ :^?^m\t±^<Dm^\z&?i-. 

10 0 16] 

A{4, ^w<o^mMit(Dmx'CDMA:fj^\zx'omit^ 

no^mmiE'y:^y'Mztoifi)^mMi<D&m^W]^i-i 
[0 0 17] ±fS^fl^l4±IE^SS(^Sll!!^A5ai 



[0 0 18] SbJr, ±E«^«)^l±-^/i'5'^<;^(i<toT 

[0 0 19] ifc. ±fa^tb^;5^bitV^Slt!2^;5^biim 
[0 0 2 0] ±f2^tb^i41St;cWSi|ti^;5^t,;^ 

[00 2 1] ±IS^»)^|±. ^*S!gc<^aiSS 

h /t-tetfcff ^(7)gff B#^j irt^ tai- 5 gff fS^lt tb^S 

[0 0 2 2] zzx. ±fs.mi^<Dmm^Rifz<Dm^<o 



(21) 
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5. 

1 0 0 2 3 1 t1t. ±mmi^M^'^-i'>^-/^<r>7'—f V 

[0 0 2 4] (S), ±IE=§-Siffi^{Ct3V^-C, m^COSltS^ 
[0 02 5] ^noTL^ ilSfiff^OSiffi^J^U^m^fT^S 

[0 0 2 6] ±!H^ib^A^bStffi^;^l6]<0iift^-^ 
[0 0 2 7] tfc, ±tfi^«jS;4M#*)§(t<^tffiro^-g-ir 

sEv > liSJe^ffl (7? tS^ Iw jUm-f- 5 ^ i #® i 1- 5 0 
[0028] ^<Db^. ±tS^i)ffi;!i^b£«i2^;^|6]<oji 

[0 0 2 9] ±IE^tb^;!i^fjitfB$tl5;=^-<i? h 

[0 0 3 0] ^Pjtc. i:l5^K)^l4CDMA;^^^fbi® 
ft ->;^7" Aidj: ijffiffl $4x5Jil!gi5:^-t ^^^/L-Jii^ltoiii 
fiig:^-Y>'^^>'i'Srfflv^T. CDMA:fr^tt)iHS->;^x 

[00 3 1] 

[^tffl] *^BJirfca>-ci4, ^tb^cijai^-c. cdma 
100 3 2] 

[00 3 3] 13114, *MB^l;:^,5)iBiJffi->;^7' A<7)£ltl2 



^Sr4oi:L. «Plbffi5fe5, Sflfi^l. Si6^2, S«J 
^3, Siti!^4Wffi;^S:, ^rJx-en (x. y. z) . 
(x, , y, , z, ) , (x2 , y2 . Zj) , 
(xj, yj. Z3) , (X4, y,, Z4) t-t"5„ 
[0 0 3 4] rr-e, El2{c, ik'&'SsM<r>m%U<r)Ws 
Wm^^yh-^. i?.Wfi<o'mL'y7.7- Kt'm^^h.^C 

5r v^^^/wirywy •>;^-r AT'I4, ^fcoSltt^Pa^X-is^ 
^{:H4, i^^<73S»3''r 5>'^^J::St1-5±|E^IS<^S 

i6ii^mmmf)^bf^W3m:fj[^ (7;j-7-K- u^^') 
^./pfc — i^^if'^^ y^^ivm a !? T'ij t) , ais 

[0 0 3 5] CDMA^-^x-f v=^'>'l'^tba{t->;^xi^ 

;^xAT'»±PN!i^-^tE3^Kjgc»w^^;«-yuv'rL!f?^ (W 
a 1 s h C o d e ) t Sr^(t^i3-lirfcf?^/45a:ii:?SF-§- 

[0 0 3 6] 5feT. PN??^|l4Si6tCj;!93g^$n/h 
PNf?^l±, «^S7, 8, 10, 1 2ICB|P>tl-5, ^< 
-fny h • f^-^:^4->'K73/c*C0^';t>'l'->3.?9-^ (Wa 1 
shCode 0) l±^B#-fefnT-fo'9. ft^^7$r^^L 

^v^^yuiD^lgi 4»c^lbn5r i:Jr/i5. ioT, 
^?I4, <fi;453 2W^?;l-yi">:a??-§-i: PN!?9^i:;i5^gS§ 

8-e^^$nfcfiSi:*^i§9-cseg$n5. -t— i^i^^^ 
m^tt^^n^i oT-«s$n^dit*3?igi it-* 
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^>^wU&t>-^:n^|xco^^^9. 11. 13T'*^$ 
[0 0 3 7] ^W}i^m5X'it^:tJi^->:xn^-<D^^i:m 

03— K • ^^-^y^^-KDr-^Sr^m-?). CDMA:fr 
J^), lJl«ifc^Yi^^>/i'?r§:{f1-5-o<DSffi1tTm 

10 0 3 8] WC, g{t(ftl-Cfo5^tbffi*(CoV^Tm?« 

/^Sr^tii1-2)^ttiSlH]^S(DS^aS«)/:^1i^Sr*1-o 
100 39] S«l^A*?5roff^«^tb4S*(OTVx-^-l 

7'</l'^ 1 JizAtl^iXio -^yf- h • 1 714 

^*9i»t>?>n«:??^?iJ, iP*.PN??^tro1=aBgi[«rH-» 

[004 0] I2l4l4±iS^s'5'h • ^-fyU;? 1 7 (Diiiti 

ibjimv':^TAtc:J:5PN??-^ro^^»4i|sS)2 6. 7ms 

Iznv^ijipiyUuy hPN:*-7-fey hS^Kif-ff^LX 
i^^^ILTV^S, ^(TJ^-'-rns/ hp'N:i-7-fey Ktrt, 

j^. «-£iffi^i. 2i;Jtfc;l-5ai;^s 1. S2^51SiSc(73 



b U-CPN??^;i5^dl$4x5yiAT'fc5o 

[0 04 1] 05 (1(4. ^£%^;4^lbi*m$4^?)^<^ n 

Ti^fifeSr^-to ryy-r 2 0 ^jfLxmht\.i>&^m^ 
t30ft^l4Sff^2 lT-^^b>3>'/<-h&tjt:^«$ 

^^^2 2{c:A:*$ix5. PN??-^M4li2 
3 T-5lfe $ P N t> ±lE^g|g 2 2 (r A;^ $ 4x . 
§<t{ff-ij»(t-^i5$n5.o ^«0»lt-§-i^§ixfdf^l4 

-g■^5$n-CV^<, ±fEiBI»l§2 4T-J4^J»lHl?S2 6(^y 

i^-fr. ^wai;^l4$iJPis]if§2 l9;^^-y^K(Hl^S2 5 

mmx<Dis&mmx'h^ . PN??^iiiw5^(D^«^ttt5 

fc*{;:»4PN??-^«4«2 3(73Ui:^^^M6<ur'>7 h^F 

X\ $lJ^»[Hl^S2 6;5^ibPN??^^4ll2 3ICA;^)$tl5 
{S-^(4PN??-^^->7 M-5fc*(0SiJWI-^T'fo5, :i 

[004 2] ^K\:.. m^i5m\z^^^xmmz.m^-r^^ 

±ffi4sitfi^l. 2. 3. 4;J>P,j||fS^ix5ft-§-roSHib 

^5^5 ST-O-EMBtPB^^ t p, , tpj. tpj. tp 
4t-t--5o ±fE»ffi^l> 2. 3. 4l4i^*^*^tvfc: 
^Mn<> hPN;a-7-trs/ h^f£(t-rbL-CPN?5F^^jt 

■^<75PN??^sriE^ft-rs^^jsr to 1 1, f^mm(o^m 

m^Sfi'-'^m^mi. 2. 3. 4c7?PN?f^SrSft-t--5 
^^JSr t , t2 . t3 . t4 t-fic 
[0 0 4 3] J;oT. #Si1fi^l. 2. 3, 4t«J»|4S 

^^(^^(c^tv^co-e. ^<D (1) ~ (4) 

2)0 w::Xi4, 4 0(75SJte^d^b<^)PN?f^5:1^a-C# 

[0 0 4 4] 

(x-Xi)2+(y-y,)2+(z-z,)2=(tp,Xc)2 • • • (1) 

(x-X2)2+(y-y2)2+(z-22)2=(tp2Xc)2 • • • (2) 

(x-X3)2+(y-y3)2+(z-Z3)2=(tp3Xc)2 • • • (3) 
(x-X4)2+(y-y4)2+(z-Z4)2=(tp4Xc)2 • • • (4) 

iw-e, ci43t3$-eifc5. 

[0 0 4 5] ±is (1) ~ (4) ^l;::ioV^T, m^mt 

X. y. z. tp,, tp2. tp3. tPt<07MX 

to + ts,, to + ts2, to+t 
S3« to + t S4 T-fe-So ri^b<7^^^lJ»wJ;5PN^? 
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x\ -tttmroBt^Ji* 1 0 + t s , + t p , 



to + t 



S2+tP2> to+tS3 + tP3. to+tS4 + 

[0 0 4 61 cdma:)j^t^ 'y^J^^WiMiB'y^TM. 

sniiis* 5 mx'itmm 1 0 * wiJi-s ^ 1 -e t 

dt2=t2-t,=to+tS2+tP2- (to+tSi+tp,) 
dt3=t3-ti=t(,+tS3np3-(to+tSi+tp,) 
dt4=t4-t,=to+tS4+tP4- (to+tS,np,) 

[0 0 4 81 ±12 (1) ~ (4) ^»w±IE (5) ~ 

(7) ^^m^^t^t{7^\'^ji'o. ^^mtimxh 
i>(oxm^'i%^:itA'^x^i. t-ti. 5o)^j,±(7?sja^ 

[00 4 91 ^-^^ h/ua:S!cft^(7?ii)5l5^'^ 5 y 
l2l7»::^fo ^i!l^S*5^c*3V^-CSftS4^yt^t•§■liPN 

??-ttBBa«3 o■cpN^^^^:<^tlM^i[*it^•3^$i^tiJ:^$ 

^•5. :iOPN??^+S§aS3 014, ^{^e<3;ri4|g3XI4 
Ill5l;:/^^Lyc:tHl^4rfflV^5o :i<73P N??^+SM^3 0 

3 1 T-as uytm-f-S: b . r<Da3ift^bS:iiiilll!S3 

■fSo JtfeS3 3, '3 4SrfflV^-C> iiX^iXa<h. c 
< b(7?^<'j=T'ai«,^,Sr1^ffit, tt:t5^3 5SrfflV^Tb> 
d<^^#-e-^^'</V'tA±<Ot<^«rfiltlib-C. ANDE 

y/l'ft^EN, t t-C##iA^M{2llH]?S3 7(CA;^$n 

■5, NfH-, ^^^\i^^-r3 9(Dmi-im^^^mm 

|H1K3 TilAj'j^tl?). »#iii^*J»[H]^3 7(4, ±IE 
:^fS^EN2, EN3;^s^-C/^1' u-s/uo^-g-ic:, 

[0 0 5 01 ±iaCDMA:fr^x-< v^^/l'^BjiHtv'^ 
xi»roS(tfi«|-CI±, RAKESm«StV^5SJ|!fS:ffiffl1- 

/U^/N-;^;iS^t-Ct#SttjSt-PN?5F^O^'-r 5 
Sr-&*p-frTiS?t£»-f-5 t tc J: 5 -ttv^HwRlt&Srg'J 

ffiL, PN??^1^mSi:HSIS!c«)i^-^*51^ffi$ixfc#-g' 
[00 5 11 wixlcjif UT. :*:^BJ<oia!H2:->:^ri>.-C- 



HI 6 1'^i^ S n?) J; 5 P N??^755^S(]4S5|; 5 

tz&mm2. Sffi^s. :at;«siffi^4;5^b<7?PN??-^<;? 

Sm^WBtMSd t2, d t3 , d t4 liiifcro (5) ~ 
(7) ^iZ7T^i-^0\Zi-£i, 
[0 0 4 71 

=tS2-tSi+tp2-tp, • • • ( 5 ) 
=tS3-tSi+tP3-tp, • • • (6) 
=tS4-tSi+tP4-tp, • • • (7) 

TI4, S*^/)^t^tiiffi**T-roE^SEil5r*B^:ii:;4S 

[0 0 5 21 [11814, ±ai<:o-v;uf^/<;^(Op*,-C*'b-P- 

CIT, PN??F#1^aill]K4 0{4, ia7li;T%-t-0!S-efe 
5. ia9lc*$ix5J:5lw, PN!RF^1taSl4 O;i»ibo 
tli O D (4^ /wf'^-? ^ J; o T 'S-SltiJ^fe @ * o T f±S 

/.fV\ ±fEPN??F^^t 113^4 0(4, il9(/3lttii«W I P 

&^T%-r{f-^^A;^{f^EN2 1 LTA;'3l-5c tt^J; 

:^r, D7y 5/7'7n5/7'4 l*»fe<73a;^(4NOTIslBS4 
2-CRIS$tt, roS«Eft#;J5A;^ft^EN3 t UTA 

jut^i'O. l^fflWWi P(^-Cftl«,SA»^^W$n?)o Hk 

rt(73$feslO*?i5,"^,(^§:ftBt^J<;?^^;45fE|^$ix5, IDS Id 
'T^i-J:9?iPN??^ffiBI^<75^-^lc(4, ^(7?PN^?^1S 

^?li)^'^$•fri^f^, PN^^#<^^SMt^i;^l4l2l9 

til;'3i:(4BtH6^tcjiS&:^(fi](3ffi;^i$ix5„ ^:0^^i'[4, 
A;'3{t^EN3 -SrisSffll-^iti-SAS/jjv^ BP*,, (^C^^tti 

[0 0 5 31 ±3^0J;5»-. 4O(0Sfl6^0/-'^n y h 
• f-^v;!-./Kc-^^ix5PN??^4r<^tili-5fc46(ri4, 
it < TfB^3iS(7)||i ^ P N!f?# ttt ffi L/j: (m(4 /j: 
v\ lll5l;:^-rPN??^teM^«:ffli^fc^^lc(4, PN 
??^fiSrft< t-Ct. lHlBlji«f456if:*:t<'St>-f, ft 
BiSrt-5PN?5F^SSrSgx:5wi;JS^a-C-fc5. {fit, 
iBMSr t ■& P N??^5Srg < l-niSiK <75Slte^;5^c>S 
<§lv^PN??#*-C«^to-f2):ii:;JS-C'#2)^5^ «»<7?S 
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[0 0 5 4] lo(75Siti2^;i^ib<D-7>'i^^/<:7.(75 5*>ft'b 

l^SltSc?raott-5fc*tc|±1SlSSr 1 5 P NiRF^tr;S 
<1-5=£:>5^5^5o b;5^t. PNt?^SSr^B#S<i-5 

b 'iv ^aSw p ^g-el^ffi ^r^TV \ P N 

i-ii^. ■f■v^;»s^f^3^gcogi^^PN^^^^, ^^aiBtPsi^ 

lr*3it SSlft^ 4 o^ro p li^^n^immm'&x 
mi::J;«Ji^tb4S*<offigSr±ia (i) ~ (7) ^ 

ixfc:^-^, ^l,MiSi(i!^5oKA±(DPN??^<7?SffP#SlJ 
[0 0 5 5] ±i$LfcJ;5l::, #Sia^<73&S^I!E^t 

[00 5 6] El 1 0 irii. ^i)4S*<7?gm[H]SS<D^ 1 w 
1Kli&6<]^j:«fi)c^.Tt-t-o S^!li)«g*wSaiSA&, ^v^l±!) 
-fey h^, ia7»OTt-f-J; p/j:1fi^«PN??-§-#aj|g5 2 

5 0li, ±faA;'3$ixfc^i' 5:^^^lc:PN??f-S:-g-b 



D h PN:t7ir-7 ^^5■a^i^?)„ PNB#Ph^->7 Vmii 

njiHiiESs 1 1±. ±fEmia$nfcv'v^' • f^^^-^^w • 

1-5. ttffi^nfc^^'f n.> KPN;^^-^^ HiSflS^giJ 

PN??-^;5'-r 5yi>'tttii[HlK5 3tcm^$n5= 

PN??-i-^''f 5 :/^^ttmii]?g5 3{::*?^i-5, m^mm 

mtflSI 5 0 ;4S|gi L-CV>5PNi!?^wm3S^''l'5>^'t 

PN;i-7-lri/ hi:;i»b£m<^^^ 5i^^^4-1ttiiL. PN 

n^^^^s 2<oi^\^'i^^f3-b^d^X'^tz.^mi&m<Dy< 
Lxmmmmmiiitiw}¥^5 4[zm^t^t^tthiz. 

•tSfS^giJt,. tz. • • • i:*{2:fiH-^[HlK5 5 

^SitS^ro P h}W^<r>/<^ n s, h p N:^7 
-fe h SrS^tS^ofcSit!l«ffii^tli;^llHlK 5 4 imgfi-iE 

5ii^m^!^<D/<4 o-y hPli:i-y±y h t s ts 
2 , • • • > SflBt^J t , , t2 , • • • . Rrj^&i& 
^(^MSIff^ (x,. y,. 2,) , (x2, vz, z 
2) . • • '^J^b^lllJfg^WteilSrtfjJt. IS*S:m* 

[0 0 5 7] ^!K)Jffi*(^S:ff !£ll§ro^2<DMBS6<] 

[00 5 8] C:rT% Ell 2 (rCDMA:^^:r 

^liiiiff v^;^ X A t3 (j- -5 Sife;^ b^tb^:^i^^w p< 

•>-fe— v'gML, p< y-fe-v^ • ^''I'T'MTtx-^'DT 

s/ h P N y h t MSISii t SrfJ U a T 5 r t tc: J: 

[0 0 5 91 ^»)4|g*ro«2gtSA^, ^VMiy-fe-;/ h 
^Sij4g*l4PN^f^1tffiS§6 2T-PN??-§-<D<5'-^ 5 

^^vi' • 5"+>^'/i'«S8lg6 0J4-&<D^''<' 5 :^ 
^'|::PN??f-«r-g-bii-. •>V25' • • r-^«r 
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n hPN:t7-fe-;/ hiSrtitill-^. ^tH^htzyU u y 
#?)o PN?9-^1$aiS6 -2(±#^'l' 5 yi/(73tig§ 

5c Site^S'JPN??^^-^^ i^^^ttttiiusse aiiv'v^' 

• f'-lr:^^^>'>SSIIl6 0;6S%4Lrv>5PN??F^(75^^ 

ni/ hPN:i-7-by h t Sj. tS2» •■ 

iZ^ ^&mm<O^U ay hPN^y±'y h t Si . ts 

•fiatmiilSS 6 5 [i^S^^ro P N??^C0/N-Y n 
■jx h P N:t7ir 2/ h t s , , t s 2 . • • • . gifBtgiJ 
t,, t2 • • (x,, y 

I, Zi) , (xj, yj, Z2). , • • -A^b^tbiS 

[0 0 6 0] ^wjmm<D^im^(D^3(Dmi^ 

fflV^-CS^^O/^'I' n hPN:t7-fe--y Vfz'.-fttK^ Ji) 
jaoSlfe^(^/<^ n hPN:^-7-fes/ hi:ffi^tS«i:5r 

PNl?^«ltill§7 2liPN??^<D^'^ 5 >'^?r?a'<, ^ 

• f-^y^-'Ji^mV^iSl om(D^4 i y^lrPN??^«r 
•g-fc-fr, v'V^ .f^-\r:^^^/u-x-^Sr«8S-J-5, 'yy 

^■rocf (lli/NV u y h PN;f h;45^^n5<, PN 
B#H'>7 H:ttl±)(HlgS7 1 liifEmii^ixfcv-Vi? • ^ 

h ttSife^giJ P N??^^ >C 5 r/^^ttailUK 7 3 »r#tif&$ 
1 0 0 6 1 J . =f-^y^-^j\^'<im^ 7 7 li-:- 



it&^(D/<'i' n -/ hPN;t7-fe-> v\zniZ'-t^m^m(om 

i 9 , Slfi^il^a;^lH)K 7 4 li/<-f p y h P n 

^^-CtSo PN??-^1tai^7 2lt=&^^ $^^^<7? 

ffiMfitSrSJfe^SiJ P N??^^' $ V ^^ttUJdlK 7 3 tc^ 
i^i-5o SlfeMg'JPN^-§-^'W5^'^'ttm[II?S7 3«-> 
V^' • ^■lr:^^»'i'«PI5i7 0;J5^4tTV>5PN??F-^<0 
^-f 5 PN^W->7 hi:1ttlilH]?S7 l;5^e5S»tSi 
5>'-;'l' n y hPN^a-^ir-;/ N i: ?5^ib£W(73^'f $ ^^$r 
l^aiU. PN??F^fiiaiS7 2(D;^aj)g*;5^p3l^ttS$ixfc 

• • • ^^■&Lxmv&mm.u\^tim^7 A\zm^i^^t 

^Sit!2^(7?x<^ n y hPN:^-7-fe-y h t Si , 

t s 2 . • • • t^imm 1 1 . t2 . . . . t ^<iB 
n-SBS 7 5 \zm^-ti>o ^^^m<r)^<4 D •;/ h p N3^ 

h5rgttSio^XH!!^ffi^ai;^|H]^7 4li. {ig 

©EiES 7 5 \t^^^m<D^<y( ay VP N:t7-fe y h t s 
i> t $2, • • • . SfaB^^Jti. • • • . S 

O^'&SJlfi^i^ffiSJW^ (x,. y,. z.) , (X2, 
Vz. zj) , • • •;5^6>^ibffl5l?<^ffi«SrH-»U 

[0 0 6 2] ^tl)iffi*0§ff[H]K0^4(73MB&W 

\moxm\^^z.tX'h^, ^mm<,tmz\z^\-ftzm{tL 

My-'f ' '}-^y^-J\^^m\'>XUm<D/<4 u y hPN:t 
y-^yV fc»t,-C''i < > j220S«fi«0/M n y h p N:r 
7ir>> htffiSHSai:«rjilft1-5. Jiility!:iE2, ^3 

(r)-mMmX'\±^ CDMA*^-r ■i/^/L'^tbilff ->P'.7" 
A(c{gffl$ix?,|!E#(7?f^-t^'^>/i'^fiJffl1-5fc*, CD 

V';^Xi>.(7)jlffl;)5|iJtS$tLTV''^)t r^lC, CDMA:^ 

^^^7Lti\^b\tm7L^. ^\z%hixx\^i>^mm^ii^ 
mit*£:^v±-'y^±<m^\.x9^mn<Wi^-ri)%m. 

\ifi\<\ Zh,\z»\.X. ^^(Dy'-^'^^y^-ji^^mM. 
i-^zti.zX'o. cdma:^^x-i' v'^'yug^Sbiiftv-;^ 

[00 6 3] ^|!j4ffi*<omjli&A^, y -fe y N 

PN?f^^m«8 2{iPN?9^(D^-r5i'^'Sr3l 

^(D^^^'yy^ ' ^^y^^^^mmms o^m^, 

'yy{7 ■ f-^y^^ji^m.fi^s otii(7>^4 iyy{zPN 
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#M^7-1 8 12 4 2 



^ -^^ yjf^ji^mmm s 7 lisyeiiffl ^ ^ v^^^^cott^ 

J:>>. Sit!2^Ji«ai;^lHlS§8 4(4/<'f n.yPN->7 hi: 

SJSUPNI?^^'!' 5^i/ai±JlH]Sg8 3l±->^i5' • ^-r^- 
4'^-'^^^^8 0;!»5^^-t-?)PN?f-^(73;J''f 5:^i/i:PN 
^M->7 hfil^ailHll^S 1 A^f5S»tii5/<^ n y hPN 

5/ ^PN:^^7^rs/ h t s, . t S2 . • • • «:#^tT 
Sit!J^ffiSaj;^(51?S8 4(ctt*&1-5i:i;'blv:, 
<iy/<^uy hPN:t7-fes/ hts,, tsj. •••t 
SftNf^J t , , 1 2 . K ; . . t ^(aitff»li]!S 8 5 

?^-t-5o ^SitiJ^cov^ n h P N;a-7-fe •> h ^SltS 
ofcSlffi^M«ffi;/Dl£l?S8 4(4> {Sfiff^dlJgS 5tC^ 

ife^(7)/"''1' n s/ h PN:^7ir y h t s I , tS2> "• 

S (X , . y, , Z 1 ) , (X2 , 72 . Z2) . • • 

1 0 0 6 4 1 ±IS»4 <0SIJSCS|-Cf4. Slte^;65«f/t:»::!S; 

i^^'/i^^Kaff v';^7^A;!^Jt5(7?f— t';^'^(7)Kls^ 0ij 
• 5"Y>^^>'i'-Cjimi-5r-^'i4'>/j:< TSflU^ 1 0~ 

h/uffimft-i-ajf-^ h«l 0 0 b p s 
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(54) [Title of the Invention] 
POSITIONING SYSTEM 
(57) [Abstract] 
[Constitution] A position of a mobile terminal 5 is 
calculated according to a sending time difference of a PN 
codeibf each of four base stations \, 2, 3, and 4, obtained 
from coordinate data of each of said four base stations 1 
to 4 and a sending time of a signal from each of a plurality 
of said base stations to said mobile terminal in a CDMA 
method digital mobile communication system. 
[Effect] The position of a mobile station can be located 
easily . 
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[What Is Claimed Is] 

1. A positioning system for calculating a position of 
a mobile station in a mobile communication system that 
communicates with a plurality of base stations by using the 
CDMA method; 

wherein a position of said mobile station is 
calculated according to a sending delay difference of a 
spread spectrum signal of each of a plurality of said base 
stations, obtained by subtracting a sending time difference 
predetermined for each of a plurality of said base stations 
from each of the same series spread spectrum signals 
received from a plurality of said base stations. 

i.2. The positioning system according to Claim 1, 

wherein said mobile station decides a receiving 
timing of a spread spectrum signal by using correlation 
value calculating means that generates the same spread 
spectrum signal as those received from a plurality of said 
base stations and calculates a correlation value between 
this spread spectrum signal and each of said spread spectrum 
signals received from a plurality of said base stations; a 
plurality of delaying means used to delay this correlation 
value respectively; a plurality of comparing means used to 
compare among a plurality of said delayed signals received 
from a plurality of said delay means respectively; counting 
means used to count a receiving time of a spread spectrum 
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signal that is over a predetermined energy among said 
delayed signals compared by those comparing means. 

3. The positioning system according to Claim 2, 
wherein said mobile station decides the shortest 

timing spread spectrum signal among spread spectrum signals 
received from a plurality of said base stations at a 
plurality of timings via a multi-path as a receiving time 
of a spread spectrum signal sent from a predetermined base 
station . 

4. The positioning system according to Claim 1 or 3, 
wherein a correlation value is calculated by 

increasing the spread code length of a spread spectrum 
signal received from a base station far away from said mobile 
station . 

5. The positioning system according to' Claim 3, 
wherein said mobile station, after detecting spread 

spectrum signals received from a plurality of said base 
stations, increases the length of a spread code used to 
detect other spectrum spread codes , thereby searching 
whether or not there is a spread spectrum signal of an 
earlier timing than the timings of already detected spread 
spectrum signals. 

6. The positioning system according to Claim 1, 
wherein said mobile station provided with a table that 

holds a spread spectrum signal sending time difference 
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predetermined for each base station and the position 
information of said base station further includes; 

demodulating means that demodulates a sync channel 
message used to send cycle information of a spread spectrum 
signal received from each of a plurality of said base 
stations, thereby detecting a demodulation timings- 
shift amount extracting means that calculates a 
spread spectrum signal sending time difference of each of 
plurality of said base stations, obtained from said data 
demodulated by said demodulating means; 

received signal detecting means that detects a 
receiving time of each of said spread spectrum signals; 

L timing extracting means that finds a reference timing 
of received signals according to a demodulation timing 
received from said demodulating means, a sending time 
difference received from said shift value extracting means, 
and a receiving time of a spread spectrum signal received 
from said received signal detecting means; 

base station coordinate outputting means that finds 
coordinate information of each of a plurality of said base 
stations from said reference timing of received signals 
extracted by said timing extracting means respectively; and 
positioning means that calculates a position of each 
of a plurality of said base stations from both receiving time 
and sending time difference of each of a plurality of said 
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base stations, received from said timing extracting means , 
as well as coordinate information of each of a plurality of 
said base stations received from said base station 
coordinate outputting means . 

7. The positioning system according to Claim 6, 
wherein said sync channel message includes both 

spread spectrum signal sending time difference and 
coordinate information of said predetermined base station 
and respective base stations in its neighborhood; and 
said system is further provided with coordinate 
information extracting means that extracts coordinate 
information from data demodulated by said demodulating 
mean4 according to a sending time difference of each of a 
plurality of said base stations. 

8. The positioning system according to Claim 7, 
wherein a paging channel is used for sending said 

message that includes both spread spectrum signal sending 
time difference and coordinate information of said 
predetermined base station and said respective base 
stations in its neighborhood, said paging channel being used 
for sending message channel assignment information. 

9. The positioning system according to Claim 7, 
wherein a positioning-dedicated channel is used to 

send said message that includes both spread spectrum signal 
sending time difference and coordinate information of said 
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predetermined base station and said respective base 
stations in its neighborhood. 

10. The positioning system according to Claim 9, 
wherein the data rate of said positioning-dedicated 

channel is lowered while the spreading rate of said spread 
spectrum signal is raised. 

11. The positioning system according to Claim 7, 8, 

or 9, 

wherein coordinate information of said predetermined 
base station is sent as is while only a difference from that 
of said predetermined base station is sent from said 
respective base stations in the neighborhood of said 
predetermined base station. 

12. The positioning system according to Claim 9, 
wherein an error detection code or error correction 

code of each base station is sent together with both spread 
spectrum signal sending time difference and coordinate 
information of said predetermined base station and said 
respective base stations in its neighborhood. 

13. The positioning system according to Claim 1, 
wherein an access channel in a communication channel 

from said mobile station to a base station is used to send 
said position information of said mobile station to said 
base station or positioning-dedicated management station. 

14. The positioning system according to Claim 13, 
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wherein said mobile station uses said access channel 
when in a waiting state and uses a traffic channel prepared 
for sending voice information when in a busy state, thereby 
sending said position information of said mobile station to 
said base station or positioning-dedicated management 
station. 

15. The positioning system according to Claim 13, 
wherein said communication channel from said mobile 
station to said base station is provided with a positioning 
result sending channel used to send said position 
information of said mobile station to said base station or 
positioning-dedicated management station. 

1,16. The positioning system according to Claim 15, 
wherein the data rate of said spread spectrum signal 
sent from said mobile station is lowered while the spreading 
rate of said spread spectrum signal is raised. 

17. The positioning system according to Claim 1, 
wherein said mobile station uses a frequency channel 
that is not used for said mobile communication system so as 
to send position information of said mobile station to a 
plurality of said base stations belonging to said mobile 
communication system, said positioning-dedicated 
management station, or a plurality of said base stations 
belonging to an existing network. 
[Detailed Description of the Invention] 
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[0001] 

[Industrial Field of Utilization] 

Tlie present invention relates to a positioning system 
that locates a position of a mobile station (mobile 
terminal) . 
[0002] 
[Prior Art] 

Conventionally, the positioning system that locates 
a position of a mobile station or mobile terminal is one of 
navigation systems, which employs a GPS (Global Positioning 
System) that uses radio waves irradiated from satellites 
and/or a navigation assisting system that employs shipping 
wave^. to obtain position information. The so-called 
loran-C, etc. are known as such positioning systems. The 
loran-C finds a distance by measuring an arrival time 
difference among pulse waves sent from a plurality of land 
stations and synchronized with the same frequency 
respectively . 
[0003] 

[Problem to be Solved by the Invention] 

When any of the GPS and the loran-C is used for 
positioning, however, some devices including an antenna, 
another receiver, etc. are needed. This is why it has been 
considered to be more appropriate to use a mobile 
communication system simplified more than the GPS, the 
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loran-C, etc. for the positioning. One of such concrete 
positioning system examples is a positioning system that 
employs a so-called CDMA (Code Division Multiple Access) 
digital cellular system. 
[0004] 

In recent years, however, attention is paid to a 
spread spectrum communication method, that is, a so-called 
SS method that spreads a modulated wave in a spectrum band 
several hundreds to several thousands wider than the band 
of subject information so as to make communications. This 
spread spectrum communication method enables the 
transmitter to modulate the carrier with a PN (pseudo noise) 
codei'series , thereby the frequency spectrum is spread. On 
the other hand, the receiver receives data passed through 
an inversely spreading process or correlating process that 
uses a PN series generated by a PN code series generator in 
the same structure as that of the transmitter. The processed 
data is then passed to base band modulation. 
[0005] 

When the receiver demodulates a received signal by 
using the spectrum spreading communication method, the 
received signal PN series pattern, as well as the timing must 
match between both transmitter and receiver. In other 
words, the generation timing or generation phase of the 
signal must match between both transmitter and receiver. 
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Consequently, the communication line is connected between 
the transmitter and the receiver only when the PN series, 
the timing, and the phase of the signal match between the 
transmitter and the receiver. Therefore, communication is 
enabled via many channels due to the differences of PN series 
by making the most of the features of the spectrum spreading 
communication method while the same frequency is used. The 
CDMA method is such a method enabled for multi-channel 
connections by identifying a channel with its PN code and 
by making the most of the features of the spectrum spreading 
communication method. 
[0006] 

The digital mobile communication system that employs 
this CDMA method is intended for voice communications. The 
system is featured in that it can realize a larger 
communication capacity and a higher communication quality 
than any of the conventional analog cellular 
communications. In the CDMA method digital mobile 
communication system, a plurality of base stations send 
their spread codes {pilot PN codes) repetitively via a 
channel referred to as a pilot channel respectively by using 
the-described spectrum spreading communication method, so 
that a position of a mobile station can be located basically 
by counting a sending delay time difference among the spread 
codes from a plurality of base stations . 



[0007] 

However, a positioning system that employs this CDiyiA 
method digital mobile communication system has been 
confronted with the following problems. 
[0008] 

At first, every positioning system that enables each 
mobile terminal to maJce positioning must Icnow the position 
from which a positioning wave is sent. In the case of the 
CDMA method digital mobile communication system, this wave 
source point is a base station and this wave source point 
must be Icnown beforehand by each mobile station of the 
system. 
[0009,] 

As described above, the CDMA method digital mobile 
communication system is a system intended for voice 
communication and the positioning system must be realized 
so as not to affect the services of the communication system 
adversely, for example, so as not to reduce the 
communication capacity. 
[0010] 

Fig. 20 shows a basic bloclc diagram of such a mobile 
communication system. In Fig. 20, areas (service areas) 201, 
202, and 203 that include base stations 1, 2, and 3 
respectively are disposed with no space therebetween. For 
example, when data is sent from a base station 3 in the 
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service area 203 to a mobile terminal 204, the radio wave 
is sent via a switching control station 200 in a public line 
network. 
[0011] 

While a plurality of base stations that can connect 
a line respectively around the boundary among those service 
areas 201, 202, and 203, the sending power of each of the 
base stations 1 to 3 is controlled to the minimum necessary 
level so as to minimize the interference of one base station 
on another. Consequently, the sending power of a base 
station around the center of an area is not strong enable 
the line of another service area to be connected there. 
[0011] 

Fig. 21 shows a schematic block diagram of a radio wave 
sending method of land mobile communication represented by 
the cellular one. For the cellular communication, the 
antenna of a base station, for example, that of the base 
station 4, is not so high; actually it is just several tens 
of meters in height. Therefore, the radio wave does not 
reach the mobile terminal 204 except when the mobile 
terminal 204 is in an open suburban area. Usually, 
therefore, the mobile terminal comes to receive reflected 
waves RW caused by buildings, mountains, cliffs, etc. 
existing around itself. In such a case, the transmission 
distance of each reflected wave RW becomes larger than the 
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direct wave DW sending distance as shown in Fig. 21. This 
often causes errors in calculations for positioning. 
[0013] 

Fig. 22 shows a relationship between a sending 
distance of a radio wave and a signal strength. The farther 
a base station is separated from the mobile terminal 204, 
the lower the radio wave strength from the base station, that 
is, the signal strength becomes. It is estimated that the 
base station might be separated more than 10km from the 
mobile terminal 204 in maximum, so that the mobile terminal 
204 is usually required to detect very weak signals. 
[0014] 

1, For such a positioning system that uses satellites, 
a mobile terminal receives radio waves directly from those 
satellites to calculate the position of itself. For land 
communications such as the cellular one, however, a mobile 
terminal can hardly receive the radio wave directly from any 
base station, so that the mobile terminal often receives 
reflected waves. In such a case, a significant error might 
occur in the position calculation and how to minimize the 
error is very important. In such a positioning system that 
uses satellites, a mobile terminal can receive a radio wave 
from each satellite at an almost fixed wave strength. In 
the CDMA method digital mobile communication system, 
however, the wave strength from each base station is varied 



-14- 



signif icantly among mobile terminals and this must be taken 

into consideration . 

[0015] 

Under the circumstances, it is an object of the present 
invention to provide a positioning system that enables a 
mobile terminal to locate the position of itself with use 
of a method simplified more than any conventional one. 

[0016] 

[Means for Solving the Problem] ^ 

In order to achieve the object, the positioning system 
of the present invention, which is used to calculate a 
position of each mobile station in a mobile communication 
system that employs the CDMA method for communications among 
a plurality of base stations, calculates a position of the 
mobile terminal according to a sending delay difference of 
a spread spectrum signal of each of a plurality of the base 
stations, obtained by subtracting a sending time difference 
predetermined for each of a plurality of the base stations 
from each of the same series spread spectrum signals 
received from a plurality of the base stations. 
[0017] 

The mobile station decides a receiving timing of a 
spread spectrum signal by using correlation value 
calculating means that generates the same spread spectrum 
signal as those received from a plurality of the base 
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stations and calculates a correlation value between this 
spread spectrum signal and each of the respective spread 
spectrum signals received from a plurality of the base 
stations; a plurality of delaying means used to delay this 
correlation value respectively; a plurality of comparing 
means used to compare among a plurality of the delayed 
signals received from a plurality of the delay means 
respectively; counting means used to count a receiving time 
of a spread spectrum signal that is over a predetermined 
energy among the delayed signals compared by those comparing 
means. 
[0018] 

:The mobile station decides the shortest timing spread 
spectrum signal among spread spectrum signals received from 
a plurality of the base stations at a plurality of timings 
via a multi-path as a receiving time of a spread spectrum 
signal sent from a predetermined base station. 
[0019] 

Each correlation value is calculated by increasing 
the spread code length of a spread spectrum signal received 
from a base station far away from the mobile station. 
[0020] 

The mobile station, after detecting spread spectrum 
signals received from a plurality of the base stations, 
increases the length of a spread code used to detect other 
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spectrum spread codes , thereby searching whether or not 
there is a spread spectrum signal of an earlier timing than 
the timings of already detected spread spectrum signals. 
[0021] 

The mobile station provided with a table that holds a 
spread spectrum signal sending time difference 
predetermined for each base station and the position 
information of the base station further includes; 

demodulating means that demodulates a sync channel 
message used to send cycle information of a spread spectrum 
signal received from each of a plurality of the base 
stations, thereby detecting a demodulation timing; shift 
amoudt extracting means that calculates a spread spectrum 
signal sending time difference of each of plurality of the 
base stations, obtained from the data demodulated by the 
demodulating means; received signal detecting means that 
detects a receiving time of each of the spread spectrum 
signals; timing extracting means that finds a reference 
timing of received signals according to a demodulation 
timing received from the demodulating means, a sending time 
difference received from the shift value extracting means, 
and a receiving time of a spread spectrum signal received 
from the received signal detecting means; base station 
coordinate outputting means that finds coordinate 
information of each of a plurality of the base stations from 



the reference timing of received signals extracted by the 
timing extracting means respectively; and positioning means 
that calculates a position of each of a plurality of the base 
stations from both receiving time and sending time 
difference of each of a plurality of the base stations, 
received from the timing extracting means, as well as 
coordinate information of each of a plurality of the base 
stations received from the base station coordinate 
outputting means . 
[0022] 

The sync channel message includes both spread 
spectrum signal sending time difference and coordinate 
infofmation of each of the predetermined base station and 
each of base stations in its neighborhood; and 

the system is further provided with coordinate 
information extracting means that extracts coordinate 
information from data demodulated by the demodulating means 
according to a sending time difference of each of a plurality 
of the base stations. 
[0023] 

Here, a paging channel is used for sending the message 
that includes both spread spectrum signal sending time 
difference and coordinate information of the predetermined 
base station and the respective base stations in its 
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neighborhood. The paging channel is used for sending 
message channel assignment information. 
[0024] 

The data rate of the positioning-dedicated channel is 
lowered while the spreading rate of the spread spectrum 
signal is raised. 
[0025] 

Coordinate information of the predetermined base 
station is sent as is while only a difference from that of 
the predetermined base station is sent from the respective 
base stations in the neighborhood of the predetermined base 
station . 
[0026.] 

An error detection code or error correction code of 
each base station is sent together with both spread spectrum 
signal sending time difference and coordinate information 
of the predetermined base station and the respective base 
stations in its neighborhood. 
[0027] 

An access channel in a communication channel from the 
mobile station to a base station is used to send the position 
information of the mobile station to the base station or 
positioning-dedicated management station. 
[0028] 
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The mobile station uses the access channel when in a 
waiting state and uses a traffic channel prepared for 
sending voice information when in a busy state, thereby 
sending the position information of the mobile station to 
the base station or positioning-dedicated management 
station, 
[0029] 

In this case, the communication channel from the 
mobile station to the base station is provided with a 
positioning result sending channel used to send the position 
information of the mobile station to the base station or 
positioning-dedicated management station. 
[003fli,] 

The data rate of the spread spectrum signal sent from 
the mobile station is lowered while the spreading rate of 
the spread spectrum signal is raised. 
[0031] 

The mobile station uses a frequency channel that is 
not used for the mobile communication system so as to send 
position information of the mobile station to a plurality 
of the base stations belonging to the mobile communication 
system, the positioning-dedicated management station, or a 
plurality of the base stations belonging to an existing 
network. 
[0032] 
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[Function] 

The present invention makes it easy to locate a mobile 
station according to a sending delay difference of a spread 
spectrum signal of each of a plurality of base stations, 
obtained by subtracting a sending time difference 
predetermined for each of those base stations from each of 
the same series spread spectrum signals received from those 
base stations. 
[0033] 

[Preferred Embodiments] 

The preferred embodiments of the invention will be 
described with reference to the accompanying drawings. 
[0034J 

Fig. 1 shows a schematic block diagram of a positioning 
system of the present invention with respect to how signals 
are sent from respective base stations. When a mobile 
station makes an attempt to locate its position, the mobile 
station must receive signals at least from three base 
stations. However, the more the locating accuracy is 
improved, the more the number of base stations from which 
signals can be received increases. In Fig.l, therefore, 
four base stations are provided and the coordinates of the 
mobile terminal 5, the base stations 1, 2, 3, and 4 are 
assumed as (x, y, z) , (xi, yi, zi) , (X2, YZf ^2), (X3, ya, 2:3), 
and (X4 , y4 , Z4) respectively . 
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[0035] 

Fig. 2 shows a schematic block diagram of a transmitter 
of each base station. In the CDMA method digital mobile 
communication system for which the positioning system of the 
present invention applies, for example, in a so-called 
digital cellular system, signals are sent/received among a 
plurality of base stations and each of the spread spectrum 
signals used in the sending/receiving operation includes a 
time delay preset for respective base stations from a 
reference sending timing, concretely a so-called pilot PN 
offset. Four types of code channels (pilot channel, sync 
channel, paging channel, and traffic channel) are prepared 
for the signals to be sent from respective base stations to 
each mobile station (forward link) in this CDMA method 
digital mobile communication system. The pilot channel is 
used to send PN codes repetitively and synchronize a base 
station with the mobile terminal 5, keep the 
synchronization, and regenerate a clock. The pilot channel 
is not used to send data. The sync channel is used to make 
the time information and the long cycle PN code match between 
respective base stations and the mobile terminal 5 . The 
paging channel is divided into seven types in maximum and 
used to send information necessary for hand-off operation, 
information for calling a terminal at the time of receiving 
an incoming call, response information from a base station 
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at the time of making a call, and send traffic channel 
assignment information. There are 64 types for the traffic 
channel used to send voice information at the time of 
talking. 
[0036] 

In the CDMA method digital mobile communication 
system, a spread code to be multiplied by the four types of 
channel data is changed, multiplexed, then sent with the 
same frequency. In this system, a spread code is obtained 
by multiplying a PN code by a Walsh code in an orthogonal 
function series . This Walsh code is changed to generate each 
of the channels. 
[0037,] 

At first, a PN code generated by a PN code generator 
6 is sent to multipliers 7, 8, 10, and 12 respectively. The 
value of the Walsh code used for the pilot channel is always 
zero (0) and the PN code is thus sent to a channel adder 14 
as pilot channel data as is via the multiplier 7. 
Consequently, the mobile terminal 5 comes to detect the 
timing of a spread code of the pilot channel so as to detect 
a PN code received from respective base stations. Sync 
channel data is multiplied in the multiplier 9 by a value 
obtained by multiplying a Walsh code (value: 32) by a PN code 
in the multiplier 8. Paging channel data is multiplied in 
the multiplier 11 by a value obtained by multiplying a Walsh 
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code (value: 1) by a PN code in the multiplier 10. Traffic 
channel data is multiplied in the multiplier 13 by a value 
obtained by multiplying a Walsh code (value: n) by a PN code 
in the multiplier 12. The pilot channel data, as well as 
other channel data multiplied in the multipliers 9, 11, and 
13 are sent to the channel adder 14, then sent to the 
modulator of each base station. 
[0038] 

The mobile terminal 5 selects a spread code generated 
by the PN code generator 6, thereby demodulating the data 
of a desired code channel other than the pilot channel. 
Unlike the mobile communication systems of other methods, 
in ttie CDMA method digital mobile communication system, the 
same frequency is used in adjacent areas, that is, in all 
the base stations including the service areas. 
Consequently, a receiver, when it can receives data of a 
frequency channel, can detect PN codes from a plurality of 
base stations. This system is thus very efficient for 
positioning. In addition, each base station is assigned a 
unique delay time from a reference timing referred to as a 
pilot PN offset and each base station sends its PN code 
delayed by the pilot PN offset. As a result, a receiver can 
separate/demodulate any signals multiplexed with such a 
time different in the spread spectrum communication. 
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thereby it becomes possible for a mobile terminal to detect 

the PN codes from a plurality of base stations. 
[0039] 

Next, a mobile terminal assumed as a receiver will be 
described. For a positioning system that employs the CDMA 
method digital mobile communication system, a mobile 
terminal receives and detects the pilot channel data sent 
from respective base stations. Fig. 3 shows a schematic 
block diagram of a detection circuit of the mobile terminal, 
used to detect the pilot channel data from those base 
stations . 
[0040] 

I'The signal from a base station is entered to a receiver 
16 via an antenna 15 of the mobile terminal. The receiver 
16 down-converts the received signal frequency to a 
frequency optimized to a matched filter 17, detected, then 
entered to the matched filter 17. The matched filter 17 
calculates a correlation value with the predetermined code 
string, that is, the PN code and obtains an output signal 
in accordance with the correlation. 
[0041] 

Fig. 4 shows an output from a USA CDMA method digital 
mobile communication system as an example of the output from 
the matched filter 17. The cycle of the PN code output from 
this CDMA method digital mobile communication system is 
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about 26.7ms. The matched filter 17 also makes the output 
at the same cycle to correspond to a specific base station. 
Each of other base stations sends, its PN code delayed by a 
predetermined sending time difference, concretely by a 
so-called pilot PN offset. This pilot PN offset means a time 
delay preset for each base station uniquely from a reference 
timing for sending spread spectrum signals. Consequently, 
the output from the matched filter 17 is also detected at 
a delay by the pilot PN offset. The reason why each of the 
outputs SI and S2 corresponding to each of the base stations 
1 and 2 has a plurality of peaks here is that a so-called 
multi-path is generated by a plurality of reflected waves 
and e'ach PN code is detected at a delay by a difference among 
the sending path lengths . 
[0042] 

Fig. 5 shows a second schematic block diagram of the 
circuit that detects the pilot channel sent from each base 
station. The signal from a base station is received by a 
receiver 21 via an antenna 20 and down-converted and 
wave-detected there, then entered to a multiplier 22. On 
the other hand., the PN code generated by a PN code generator 
23 is entered to the multiplier 22 and multiplied by the 
received signal there. This multiplied signal is then 
entered to an integrator 24 and added to the result of the 
integration there. The integrator 24 integrates each input 
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signal after it is reset by a reset signal from a control 
circuit 26 and its output is held by the control circuit 26 
in a hold circuit 25, thereby a correlation result is 
obtained. This correlation result is an instantaneous 
correlation value. To obtain a result of one cycle of PN 
codes , therefore, the output of the PN code generator 23 is 
time-shifted so as to repeat the operation for obtaining the 
series of correlation values. The signal entered to the PN 
code generator 23 from the control circuit 2 6 at this time 
is used to control time-shifting of the PN code. Although 
the use of this detection circuit enables the configuration 
shown in Fig. 3 to make the same output, it takes a lot of 
timer'.to obtain a result of one cycle of PN codes. In spite 
of this, this method has an advantage that the circuit can 
be reduced in size. 
[0043] 

Next, the positioning method of the present invention 
will be described. In this method, sending times of signals 
from the base stations 1, 2, 3, and 4 to the mobile terminal 
5 are assumed as tpi, tp2, tps, and tp4 . Each of the base 
stations 1 to 4 sends its PN code delayed by a predetermined 
pilot PN offset. The delay times of their PN codes are 
assumed as tSi, tS2, tsa, and tS4. When a base station sends 
its PN code with no delay, the sending time is assumed as 
to and the times at which the mobile terminal 5 of a mobile 
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station receives PN codes from the base stations 1 to 4 are 

assumed as ti, ta, ta, and t4. 

[0044] 

Consequently, the distance between each of the base 
stations 1 to 4 and the mobile terminal 5 is equal to a value 
obtained by multiplying the sending time by the wave speed, 
that is, the light speed. The following expressions (1) to 
(4) are thus obtained. It is also assumed here that the PN 
codes from the four base stations can be detected. 
[0045] 

(x-Xi)X2+(y-yi)X2+(z-2;i)X2=(tpiXc)X2 • • • (l) 
(x-xj) X 2+ (y-yg) X 2+ {z-z^ X 2= (tpg X c) X 2 • • • ( 2 ) 
(x-X3)X2+(y-y3)X2+(z-23)X2=(tp3Xc)X2,- • • (3) 
(x-xJX2+(y-y4)X2+(z-Z4)X2=(tp4Xc)X2 • • • (4) 

Here, ''c'' denotes the light speed. 

[0046] 

In the expressions (1) to (4) , seven values of x, y, 
z, tpi, tp2, tp3, and tp4 are unknown. ' The time at which each 
of the base stations 1 to 4 sends the initial part of its 
PN code becomes as follows; to+tsi, to:+-tS2, to+tss, andto+tS4. 
Because a predetermined sending delay is added to each of 
those times at which the mobile terminal 5 receive the PN 
codes, the result becomes as follows; to+tsi+tpi, to+tS2+tp2, 
to+tS3+tp3, and to+tS4+tp4. At this time, because the 
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processing time in the mobile terminal 5 is set off, it is 

omitted from the times respectively. 

[0047] 

For the mobile terminal 5 in the CDMA method digital 
mobile communication system, time adjustment is not done 
precisely. Therefore, the mobile terminal 5 cannot decide 
the time to. The mobile terminal 5 can thus count only an 
arrival time difference of the PN code from each base station 
as shown in Fig. 6. For example, the time differences dta, 
dt3, and dt4 with which the mobile terminal 5 receive the 
PN codes from the base stations 2 to 4 , when the base station 
1 is assumed as the reference station, are calculated by the 
follbwing expressions (5) to (7) as shown below. 
[0048] 

dt2=t2-ti=tonS2np2-(to+tSLnPi)=tS2-tSi+tp2-tPi • • • (5) 

dt3=t3-ti=tons3+tP3-(tons^Hpi)=ts3-tSinp3-tpi • • • (6) 

dt4=t4-ti=to+tS4+tp4-(tonSi+tPi)=tS4-tSi+tp4-tPi • • • (7) 

[0049] 

As described above, because the number of unlcnowns are 
seven, they can be solved by seven expressions, which are 
the expressions (5) to (7) and the expressions (1) to (4) 
described above. When the mobile terminal 5 detects PN codes 
from five or more base stations, the least squares method, 
etc. can be used to solve the unlcnowns. The positioning 
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accuracy can thus be improved more than when there are four 

base stations. 

[0050] 

Fig. 7 shows a schematic circuit diagram of a PN code 
detection circuit for deciding an arrival timing of each 
spread spectrum signal. When the mobile terminal 5 receives 
a PN code, a PN code correlator 30 calculates a correlation 
value with the PN code, then outputs the correlation value. 
Concretely, this correlator 30 uses a circuit as shown in 
Fig. 3 or Fig. 5. It is assumed that a correlation value 
output from this PN code correlator 30 is b, a signal delayed 
from this correlation value in a delay circuit 31 is b, and 
a signal further delayed from this delayed signal b in a 
delay circuit 32 is a. A threshold value is assumed as d. 
Then, the peak point is detected on the conditions of a<b 
and c<b with use of comparators 33 and 34, then signals over 
a certain level are detected on the conditions of b>d with 
use of a comparator 35 and passed through an AND circuit, 
thereby the result is entered to a write control circuit 37 
as an enable signal ENi used to record a clock time. On the 
other hand, the value of the clock or timer 39 is entered 
to the write control circuit 37. The write control circuit 
37, when all of the input signal ENi, which is the enable 
signal, as well as input signals EN2 and EN3 (to be described 
later) are high in level, outputs a write signal WR and 
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records the value received from the clock 39 on a recording 
medium 38 composed of a memory, etc. 
[0051] 

The receiver of the CDMA method digital mobile 
communication system is a RAKE receiver. In any of the 
conventional mobile communication systems, a multi-path has 
disturbed the communication. In the case of the spectrum 
spreading technique employed for the CDiXIA method digital 
mobile communication system, however, each receiver can 
spread the spectrum of spread spectrum signals inversely by 
adjusting the timing of the PN code to each reflected wave 
even when such a multi-path exists, thereby demodulating 
each 'reflected wave separately. The error rate can thus be 
lowered by demodulating and synthesizing multi-paths . 
Consequently, the CDMA method digital mobile communication 
system is making an attempt to employ a stronger multi-path. 
In other words, when there is a multi-path and a plurality 
of peaks are detected in a PN code detector, signals are 
demodulated in the order of stronger energies. 
[0052] 

On the contrary, the positioning system of the present 
invention uses the receiving time of the earliest arrival 
reflected wave in a plurality of multi-paths from base 
stations. In the positioning system, it is important to know 
the direct distance between each base station and a subject 
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mobile terminal. The smaller the delay of the path is, the 
more the wave from the base station becomes close to a direct 
wave. This is why a value obtained by multiplying the 
sending time by the light speed becomes closer to the direct 
distance between the base station and the mobile terminal. 
[0053] 

Fig. 8 shows a schematic block diagram of a receiver 
that receives the earliest arrival reflected wave in the 
multi-path. The PN code detector 40 is identical to the 
circuit shown in Fig. 7. As shown in Fig. 9, the output OD 
from a PN code detector 40 appears collectively for each base 
station due to the multi-path. Consequently, in order to 
detedt each reflected wave from this multi-path, a range is 
decided for each base station and reflected waves are 
checked only in the range. This can omit checks in 
unnecessary ranges . The PN code detector 40 receives 
signals denoting a detection period IP shown in Fig. 9 
respectively as an input signal EN2, thereby recording only 
the peak point in the decided range. On the other hand, the 
output from the D flip-flop 41 is inverted in the NOT circuit 
42 and this inverted signal is entered to the PN code 
detector 40 as an input signal EN3. The output from this 
D flip-flop is driven into the low level due to the reset 
signal RE generated at the initial part of the detection 
period IP, thereby the peak point is detected in the 
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detection period IP. After that, the output is driven into 
the high level when a write signal WR is generated and 
recording is inhibited thereafter. This is why only the 
receiving time of the peak point at the initial part of the 
detection range is recorded. The PN code correlator as shown 
in Fig. 5 outputs a PN code correlation value in the reverse 
direction from the output shown in Fig. 9 in the viewpoint 
of the time when the correlator is operated forward at the 
timing of the PN code generated in this PN code correlator. 
In this case, there is no need to use the input signal EN3 . 
In other words, when the peak point is detected again in the 
same range, it may be overwritten. 
[0054,] 

As described above, when a mobile terminal is required 
to detect all the PN codes included in the pilot channels 
from the four base stations, the terminal is also required 
to detect weak PN codes sent from faraway stations. The use 
of the PN code correlator shown in Fig. 5, however, 
eliminates the increase of the circuit in size even for 
longer PN codes (received from faraway base station) . The 
length of the PN codes to be correlated can thus be changed 
easily. In spite of this, a lot of time is still taken to 
check the detection period of each of the base stations in 
a general way while weak PN codes sent from faraway base 
stations can be detected if the PN codes to be correlated 
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are extended in length. To avoid the problem, the length 
of PN codes is not extended so much for detecting those PN 
codes. As a result, it comes to be possible to calculate 
the position of a mobile terminal if the PN codes from four 
base stations are detected. When the number of base stations 
is less than four, the length of their PN codes can be 
extended for checking signals in ranges in which no 
detection has been done, thereby PN codes from faraway base 
stations can be detected without taking a lot of time. In 
addition, another method to be described later can be 
employed to hold the pilot PN offset and the position 
information of each base station on the assumption that a 
mobile terminal exists around a base station that outputs 
a strong signal. It is thus possible to select each base 
station that may be detected according to the distance of 
each base station from the base station existing around this 
mobile terminal, thereby limiting the detection period and 
changing the length of the PN code of each base station for 
correlation and shorten the detection time or improve the 
detection performance, that is, the sensibility. 
[0055] 

While a description has been made for a method for 
recording the receiving time of the earliest arrival 
reflected wave in a multi-path from a base station, as well 
as a method for improving the detection performance by 
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extending the length of the PN code to be correlated, the 
extension of the length of the PN code to be correlated is 
indispensable to find a reflected wave as early as possible 
even when the signal is weak in strength. When the PN code 
is kept extended in length, however, it takes too much time 
for detecting the PN code. In order to avoid the problem, 
therefore, the PN codes are detected at first by extending 
the length of PN codes just within a range in which the 
detection can be saved. Then, the length of PN codes is 
extended in a short period just before the detection timing, 
thereby detecting PN codes again and earlier arrival 
reflected waves . Consequently, it comes to be possible to 
detedt earlier PN codes that are weak in signal strength. 
In addition, the length of those PN codes may be extended 
to detect the PN codes again, thereby finding earlier 
arrival reflected waves when a mobile terminal can count the 
receiving time of the PN code from each of four base stations 
and the unknowns can be solved over a normal range by using 
the expressions (1) to (7) to calculate the position of the 
mobile terminal or when the mobile terminal can obtain the 
receiving times of the PN codes from five or more base 
stations and decide the error to become large if solutions 
are found by using the least squares method, etc. 
[0056] 
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As described above, when the position of each base 
station is known, it is possible to calculate and locate the 
position of a mobile terminal. In the CDMA method digital 
mobile communication system, however, no mobile terminal is 
provided with means for knowing the position of any of base 
stations, so that the mobile terminal must be provided first 
with the new means. This is why the mobile terminal of the 
present invention is provided with a built-in conversion 
table used to calculate and locate the position of each base 
station according to the pilot PN offset predetermined for 
the base station. 
[0057] 

i'\Fig.lO shows the first schematic circuit diagram of a 
receiver of a mobile terminal. After the mobile terminal 
is powered or reset, a PN code detector 52 composed as shown 
in Fig. 7 checks the PN code timing and sends the result to 
a sync channel demodulator 50. The sync channel demodulator 
50 adjusts the PN code to the entered timing, thereby 
demodulating the sync channel data. The base station 
information is already sent to the sync channel and the 
information includes the pilot PN offset of the base 
station. A PN time shift amount extraction circuit 51 
extracts the pilot PN offset of the base station from the 
demodulated sync channel data. The extracted pilot PN 
offset is supplied to a PN code timing extraction circuit 
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53 prepared for each base station. On the other hand, the 
PN code detector 52 supplies the correlation value of each 
timing to the PN code timing extraction circuit of each base 
station. The extraction circuit 53 detects the reference 
timing from the demodulation timing of the PN code generated 
by the sync channel demodulator 50 and the pilot PN offset 
received from the PN time shift amount detection circuit 51, 
thereby identifying each of the pilot PN offset values tsi, 
tS2, ... from respective base stations, which are detected 
from the detection result of the PN code detector 52 
respectively. The circuit 53 also supplies those pilot PN 
offset values to a base station coordinate output circuit 

54 add base station pilot PN offset values tsi, tS2,..., as 
well as the receiving times ti, ta,... to a position 
calculation circuit 55 respectively. Receiving the PN code 
pilot PN offset of a base station, the base station 
coordinate output circuit 54 supplies the coordinates of the 
base station to the position calculation circuit 55. The 
position calculation circuit 55 then calculates the 
position of the mobile terminal from the base station pilot 
PN offset values tSi, tsa,..., the receiving times ti, t2,.../ 
and the base station coordinate information (xi, yi, z) , (X2, 
y2, zz) , then outputs the result. 

[0058] 
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Next, the second schematic block diagram of the 
receiver of the mobile terminal will be shown in Fig. 11. 
This second embodiment differs from the first embodiment in 
that the mobile terminal receives coordinate information, 
which is position information, from each base station via 
the sync channel. Each base station uses the sync channel 
for sending not only its pilot PN offset, but also both pilot 
PN offset and coordinate information of each base station 
in its neighborhood. 
[0059] 

Fig. 12 shows a format of a message to be sent from a 
base station to a mobile station in the CDMA method digital 
mobile communication system. This message is composed of 
a message body MB and an error check bit EC. The message 
body MB is composed of a message length ML, a message type 
MT, and data DT. In the message type MT of this message, 
both base station pilot PN offset and coordinate information 
of a base station are assigned newly so that the use of the 
sync channel is enabled for sending the data to the mobile 
terminal. 
[0060] 

After the mobile terminal is powered or reset, the 
mobile terminal checks the timing of a PN code with use of 
a PN code detector 62 and sends the result to a sync channel 
demodulator 60. The sync channel demodulator 60 adjusts the 
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PN code to the timing, thereby demodulating the sync channel 
data. The sync channel has already received the information 
of the base station, which includes the pilot PN offset. The 
PN time shift amount extraction circuit 61 extracts the 
pilot PN offset of the base station from the demodulated sync 
channel data. The extracted pilot PN offset is supplied to 
the PN code timing extraction circuit 63 of each base 
station. The base station coordinate information 
extraction circuit 66 then extracts the coordinate 
information of a base station corresponding to the pilot PN 
offset from the demodulated sync channel data and supplies 
the extracted information to a base station coordinate 
outp4t circuit 64. Consequently, the base station 
coordinate output circuit 64 can have a table that holds both 
pilot PN offset and coordinate information of each ■ base 
station. On the other hand, the PN code detector 62 supplies 
the correlation value of each timing to the PN code timing 
extraction circuit 63 of each base station. The PN code 
timing extraction circuit 63 of each base station detects 
the reference timing from the PN code timing generated by 
the sync channel demodulator 60 and the pilot PN offset 
received from the PN time shift amount detection circuit 61, 
thereby identifying the pilot PN offset values tsi, tS2,... 
of the base stations, detected from the detection results 
by the PN code detector 62 and supplies those identified 



pilot PN offset values to the base station coordinate output 
circuit 64. The circuit 63 also supplies the pilot PN offset 
values tsi, tS2,... of the base stations and the receiving 
times ti, t2,... to the position calculation circuit 65. 
Receiving the pilot PN offset of a base station, the base 
station coordinate output circuit 64 supplies the 
coordinate information of the base station to the position 
calculation circuit 55. The position calculation circuit 
65 then calculates the position of the mobile terminal from 
the pilot PN offset values tsi, tsa,... of the PN codes from 
the base stations, the receiving times ti, t2,... , and the 
coordinate information {xi,yi, zi) , (X2,y2, Z2) /... of the base 
stations, then outputs the result. 
[0061] 

Next, Fig. 13 shows the third schematic block diagram 
of the receiver of the mobile terminal. This third 
embodiment differs from the first embodiment in that the 
mobile terminal receives coordinate information from each 
base station via an existing paging channel. The base 
station uses the paging channel to send not only its pilot 
ON offset, but also both pilot PN offset and coordinate 
information of each base station in its neighborhood. After 
the mobile terminal is powered or reset, the PN code detector 
72 checks the timing of the received PN code and sends the 
result to the sync channel demodulator 70. The sync channel 
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demodulator 70 then adjusts the PN code to the timing, 
thereby demodulating the sync channel data. The sync 
channel has already received^ the information of the base 
station that includes the pilot PN offset. The PN time shift 
amount extraction circuit 71 extracts the pilot PN offset 
of the base station from the demodulated sync channel data. 
The extracted pilot PN offset is supplied to the PN code 
timing extraction circuit 73 of the base station. 
[0062] 

The paging channel demodulator 77 demodulates the 
paging channel and the demodulated paging channel data is 
supplied to the base station coordinate information 
extraction circuit 76. The base station coordinate 
information extraction circuit 76 extracts the coordinate 
information of the base station corresponding to a pilot PN 
offset and supplies the extracted information to the base 
station coordinate output circuit 74. Consequently, the 
base station coordinate output circuit 74 can have a table 
that holds both pilot PN offset and coordinate information 
of each base station. On the other hand, the PN code detector 
72 supplies the correlation value of each timing to the PN 
code timing extraction circuit 73 of each base station. The 
PN code timing extraction circuit 73 detects the reference 
timing from the timing of the PN code generated by the sync 
channel demodulator 70 and the pilot PN offset received from 
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the PN time shift amount detection circuit 11, thereby 
identifying the pilot PN offset values of the base stations 
tsi, tS2,... . Each, of the identified PN offset values is 
supplied to the base station coordinate output circuit 74. 
The circuit 73 also supplies the pilot PN offset values tsi, 
tS2,... of those base stations and the receiving times ti, t2,... 
to the position calculation circuit 75 . Receiving the pilot 
PN offset of a base station, the base station coordinate 
output circuit 74 supplies the coordinate information of the 
base station to the position calculation circuit 75. The 
position calculation circuit 75 then calculates the 
position of the mobile terminal from the pilot PN offset 
valu4s tsi, tS2,... of the base stations, the receiving times 
ti, t2/..., and the coordinate information (xi,yi,zi), 

(x2/y2/ 22) ... of the base stations, then outputs the result. 

[0063] 

Next, a description will be made for the fourth 
schematic circuit diagram of the receiving circuit of the 
mobile terminal shown in Fig. 14. This fourth embodiment 
differs from the first embodiment in that the mobile 
terminal uses the coordinate information of each base 
station received via a newly provided positioning data 
channel. Each base station uses the newly provided 
positioning data channel to send not only the pilot PN offset 
of itself, but also both pilot PN offset and coordinate 
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information of each of the base stations in its 
neighborhood. In the second and third embodiments, existing 
channels employed for the CDMA method digital mobile 
communication system are used, so that this might affect the 
CDMA method digital mobile communication system adversely. 
In other words, in the case where a new message is adopted 
for a channel of the CDMA method digital mobile 
communication system while the CDMA method digital mobile 
communication system is running, mobile terminals that are 
already sold may be confronted with troubles and it cannot 
guarantee that those existing mobile terminals are 
prevented from such troubles when they ignore the new 
message. This problem can be solved, however, by preparing 
a dedicated data channel to be used to reduce the possible 
adverse influence to be exerted on the CDMA method digital 
mobile communication system. 
[0064] 

After the mobile terminal is powered or reset, the PN 
code detector 82 checks the timing of a received PN code and 
sends the result to the sync channel demodulator 80. The 
sync channel demodulator 80 adjusts the PN code to the 
timing, thereby demodulating the sync channel data, which 
already receives the information of the base station, which 
includes the pilot PN offset. The PN time shift amount 
detection circuit 81 extracts the pilot PN offset of the base 
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station from the demodulated data. The extracted pilot PN 
offset is supplied to the PN code timing extraction circuit 
83 of each base station. The position-dedicated channel 
demodulator 87 demodulates the positioning-dedicated ^ 
channel, thereby the positioning-dedicated channel data is 
supplied to the base station coordinate information 
extraction circuit 86. The base station coordinate 
information extraction circuit 86 then extracts the 
coordinate information of the base station corresponding to 
the pilot PN offset and supplies the extracted information 
to the base station coordinate output circuit 84. 
Consequently, the base station coordinate output circuit 84 
can Have a table that holds both pilot PN offset and 
coordinate information of each base station. On the other 
hand, the PN code detector 82 supplies the correlation value 
of each timing to the PN code timing extraction circuit 83 
of each base station. The PN code timing extraction circuit 
83 of each base station then detects the reference timing 
from the timing of each PN code generated by the sync channel 
demodulator 80 and each pilot PN offset received from the 
PN time shift amount detection circuit 81, thereby 
identifying each of the pilot PN offset values tsi, tS2,... 
of the base stations from the detection results of the PN 
code detector 82. The circuit 83 then supplies the 
identified pilot PN offset values tsi, tS2,... to the base 
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station coordinate output circuit 84, then the pilot PN 
offset values tsi, tS2,... of those base stations and the 
receiving times ti , t2/... to the position calculation circuit 
85. Receiving the pilot PN offset of a base station, the 
base station coordinate output circuit 84 supplies the 
coordinate information to the position calculation circuit 
85. The position calculation circuit 85 then calculates the 
position of the mobile terminal from the pilot PN offset 
values tsi, tS2,... of the base stations, the receiving times 
ti, t2,... , and the coordinate information 

(xi,yi,zi) , (X2,y2/Z2) of those base stations, then outputs 
the result. 
[0065J 

In the fourth embodiment, a base station lowers the 
bit rate when sending both pilot PN offset and coordinate 
information of itself, as well as those of other base 
stations in its neighborhood by using a newly provided 
positioning data channel and raises the spreading rate when 
spreading a spectrum signal, thereby suppressing the 
sending power of the positioning data channel and minimizing 
adverse influences to be exerted on the original services 
of the CDMA method digital mobile communication system, 
thereby preventing the system capacity from reduction, etc. 
A data rate of spread spectrum* signals may be small, since 
the data (pilot PN shift amount and position information) 
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to be sent by the positioning data channel is not so much, 
which is just for 10 to 20 base stations; the initialization 
time of the mobile terminal is less restricted than the 
telephone terminals of mobile communication systems; and 
those information items are all fixed values . Concretely, 
the total amount of those information items will be about 
500 bits. The data rate of spread spectrum signals will thus 
become 100 bps or under when it is allowed to take several 
seconds for transferring those signals. While the spectrum 
spreading rate of the CDMA method digital mobile 
communication system is about 100 to 300 times, the rate of 
the positioning-dedicated channel, when it is raised to 
10000. times or over, can be lowered to a several tenths or 
a hundredth or under depending on the data rate when compared, 
with the sending power of existing channels. Therefore, the 
original CDMA method digital mobile communication system 
will not be affected almost at all. 
[0066] 

As described in the fourth embodiment, when a base 
station uses the newly provided data channel to send both 
pilot PN offset and position information of itself, the base 
station should send its position data completely and send 
only a difference from the position data with respect to 
those of each of other base stations in its neighborhood. 
This can suppress the total amount of the data to send. For 
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example, 65 bits are needed to represent a position of a base 
station precisely in units of one meter in scale with station 
coordinates (latitude, longitude, and height) . On the 
contrary, only 43 bits are needed if, for example, a base 
station in the neighborhood is represented at a difference 
within a range of -I-IO to -10 minutes for both latitude and 
longitude and at a difference within a range of +1000 to 
-1000 for the height. 
[0067] 

In the second to fourth embodiments, if each base 
station sends both pilot PN offset and position information 
of itself while the number of existing base stations is n, 
as sMown in Fig. 15, the base station is required to send 
data DTi and check bit CBi of itself, then both base station 
data and check bit of each of those n base stations in the 
order of base station data DT2, check bit CB2,..., base station 
data DTn, and check bit CBn. Such way, an error detection 
or error correction code is added to information of each base 
station. At this time, what the mobile station needs is the 
pilot PN offset and the position information of each base 
station of which PN code is detected; the mobile terminal 
is not requested to receive those information items from all 
base stations correctly. As well known, error occurrence 
cannot be avoided during data sending in mobile 
communications. When the bit error rate is fixed and data 
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increases in length, the error occurrence rate also rises. 
Consequently, the error occurrence rate should be lowered 
by reducing a data unit to which an error detection or error 
correction code is to be added. The mobile terminal is then 
enabled to make positioning if it can receive the 
information of each base station of which PN code is detected 
completely . 
[0068] 

So far, a description has been made for a method that 
uses a CDMA method digital mobile communication system for 
positioning, thereby the mobile terminal can locate the 
position of itself in each of the embodiments. The method, 
howei^.er, cannot supply services such as the RDSS (Radio 
Determination Satellite Service) without modification . For 
example, when a transportation company center makes an 
attempt to manage the position of each of its trucks, the 
mobile terminal is requested to send the positioning result 
to the center by using some means. In such a case, it is 
one of possible methods to be thought of to use an access 
channel employed for the CDMA method digital mobile 
communication system to prepare means for transferring 
positioning data. 
[0069] 

Fig. 16 shows a schematic block diagram of a receiver 
channel. A spread spectrum signal received via an antenna 
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96 is divided by a receiver 95 into signals so as to be sent 
to modulators via a plurality of channels. The access 
channel is used to send a calling request when a telephone 
terminal of a mobile communication system makes a call and 
send a response message to a message from a base station that 
uses the paging channel. Because several access channels 
are prepared for each paging channel, the channel data is 
sent to an access channel demodulator 90, an access channel 
demodulator 91, etc. of each channel so as to be demodulated 
there. The format of this access channel data is composed 
of a message length ML, a message body MB, and an error check 
bit EC as shown in Fig. 17. The message body MB is composed 
of a-'message type MT, a positioning data number DD, and 
positioning data DA. A message for transferring position 
information is assigned to this message type MT so that 
positioning data can be transferred. 
[0070] 

Fig. 18 shows a block diagram of a positioning system 
that uses access channels. The mobile terminal 5 sends a 
positioning result to a base station via an access channel. 
This signal might also be received by a plurality of base 
stations, however. For example, a signal received by base 
stations 1, 2, and 3 is sent to a control station 100 and 
duplicated data is deleted there according to the 
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positioning data number DD included in the positioning data, 
then transferred to the user station (101, 102, and 103) . 
[0071] 

As described above, when an access channel is used, 
error occurrence is expected when the access channel is used 
for both of a telephone terminal of a mobile communication 
system and a positioning mobile terminal of the present 
invention. In order to avoid the trouble, therefore, the 
telephone terminal of the mobile communication system, 
because it uses a talking channel referred to as a traffic 
channel during talking, uses a traffic channel to transfer 
positioning data during the talking and uses an access 
chanriel to transfer positioning data when in the waiting 
state. This is why the present invention can realize a 
terminal usable as both a telephone terminal of the CDMA 
method digital mobile communication system and as a mobile 
terminal of a positioning system commonly. The format of 
the traffic channel is the same as that of the access channel 
shown in Fig. 17. The schematic configuration of the 
receiver channel is the same as that shown in Fig. 16. And, 
because there are several traffic channels for each paging 
channel just like the access channel, data is sent to a 
traffic channel demodulator 92 and a traffic channel 
demodulator 93 of each traffic channel,... so as to be 
demodulated there respectively. 
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[0072] 

When an access channel or traffic channel employed for 
the CDMA method digital mobile communication system is used 
for transferring positioning data, telephone terminals of 
mobile communication systems might be affected adversely by 
the use. In order to avoid the problem, therefore, a 
positioning-dedicated channel may be prepared. The format 
of the positioning-dedicated channel is not necessary be the 
same as that of any of existing channels of the CDMA method 
digital mobile communication system; it is only required to 
prepare positioning data numbers. In addition, a 
positioning-dedicated channel demodulator 94 is included in 
the r'eceiver side channel configuration as shown in Fig. 16. 
A positioning system that uses a positioning-dedicated 
channel is the same as that shown in Fig. 18; the mobile 
terminal 5 sends positioning results via the 
positioning-dedicated channel. This signal might also be 
received by a plurality of base stations, however. The 
received signal is therefore sent to the control station 1 
so that duplicated data is deleted from the received signal 
according to the positioning data number included in the 
positioning data, then transferred to the user station (101, 
102, and 103) . 
[0073] 



-51- 



When the positioning-dedicated channel is used such 
way, the bit rate is lowered to raise the spreading rate of 
the spread spectrum signals and reduce the sending power, 
thereby minimizing an adverse influence to be exerted on the 
telephone terminals of mobile communication systems. 
[0074] 

In this case, however, it is expected that both 
communication quality and system capacity are degraded due 
to an adverse influence exerted oh those telephone terminals 
of mobile communication systems when a positioning mobile 
terminal makes an attempt to send data frequently. This is 
because the positioning-dedicated- channel uses the same 
f reqdency as those of existing channels of the CDMA method 
digital mobile communication system. The problem is 
avoided, however, by using a communication network 
independent of the CDMA method digital mobile communication 
system is used as a channel for transferring positioning 
data. There is no need to use the same format as that of 
the CDMA method digital mobile communication system for the 
messages of the channel, but at least positioning data 
numbers are needed. The configuration of the positioning 
system that uses such a positioning data transfer channel 
is as shown in Fig. 19. The mobile terminal 5 sends 
positioning results via the positioning data transfer 
channel. The signals sent via the channel are received by 
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the base station 19 of another system, then transferred from 

there to the user station (101, 102, and 103) . 

[0075] 

[Effects of the Invention] 

As described above, the positioning system of the 
present invention is used to locate a position of each mobile 
station in a mobile communication system that employs the 
CDMA method for the communication among a plurality of base 
stations . The positioning system enables the mobile station 
to locate its position easily according to a sending delay 
difference of a spread spectrum signal of each of a plurality 
of base stations, obtained by subtracting a sending time 
difference predetermined for each of those base stations 
from each of the same series spread spectrum signals 
received from those base stations. 
[0076] 

The mobile station decides a receiving timing of a 
spread spectrum signal by using correlation value 
calculating means that generates the same spread spectrum 
signal as those received from a plurality of the base 
stations and calculates a correlation value between this 
spread spectrum signal and each of the respective spread 
spectrum signals received from a plurality of the base 
stations; a plurality of delaying means used to delay this 
correlation value respectively; a plurality of comparing 
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means used to compare among a plurality of the delayed 
signals received from a plurality of the delay means 
respectively; counting means used to count a receiving time 
of a spread spectrum signal that is over a predetermined 
energy among the delayed signals compared by those comparing 
means. It is thus possible to improve the detection 
performance of the PN codes of each spread spectrum signal, 
thereby reducing the PN code detection time. 
[0077] 

The mobile station decides the shortest timing spread 
spectrum signal among spread spectrum signals received from 
a plurality of the base stations at a plurality' of timings 
via 4' multi-path as a receiving time of a spread spectrum 
signal sent from a predetermined base station. It is thus 
possible to improve the detection performance of the PN 
codes of each spread spectrum signal, thereby reducing the 
PN code detection time. 
[0078] 

Each correlation value is calculated by increasing 
the spread code length of a spread spectrum signal received 
from a base station far away from the mobile station. It 
is thus possible to improve the detection performance of the 
PN codes of each spread spectrum signal, thereby reducing 
the PN code detection time. 
[0079] 



The mobile station, after detecting spread spectrum 
signals received from a plurality of the base stations, 
increases the length of a spread code used to detect other 
spectrum spread codes , thereby searching whether or not 
there is a spread spectrum signal of an earlier timing than 
the timings of already detected spread spectrum signals. It 
is thus possible to improve the detection performance of the 
PN codes of each spread spectrum signal, thereby reducing 
the PN code detection time. 
[0080] 

The mobile station provided with a table that holds a 
spread spectrum signal sending time difference 
preddtermined for each base station and the position 
information of the base station further includes; 

demodulating means that demodulates a sync channel 
message used to send cycle information of a spread spectrum 
signal received from each of a plurality of the base 
stations, thereby detecting a demodulation timing; shift 
amount extracting means that calculates a spread spectrum 
signal sending time difference of each of plurality of the 
base stations, obtained from the data demodulated by the 
demodulating means; received signal detecting means that 
detects a receiving time of each of the spread spectrum 
signals; timing extracting means that finds a reference 
timing of received signals according to a demodulation 
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timing received from the demodulating means, a sending time 
difference received from the shift value extracting means, 
and a receiving time of a spread spectrum signal received 
from the received signal detecting means; base station 
coordinate outputting means that finds coordinate 
information of each of a plurality of the base stations from 
the reference timing of received signals extracted by the 
timing extracting means respectively; and positioning means 
that calculates a position of each of a plurality of the base 
stations from both receiving time and sending time 
difference of each of a plurality of the base stations, 
received from the timing extracting means, as well as 
coordinate information of each of a plurality of the base 
stations received from the base station coordinate 
outputting means. It is thus possible to easily obtain 
position information each necessary base station for 
calculating a position of the mobile station. 
[0081] 

The sync channel message includes both spread 
spectrum signal sending time difference and coordinate 
information of the predetermined base station and the 
respective base stations in its neighborhood; and 

the system is further provided with coordinate 
information extracting means that extracts coordinate 
information from data demodulated by the demodulating means 
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according to a sending time difference of each of a plurality 
of the base stations. It is thus possible to easily obtain 
position information each necessary base station for 
calculating a position of the mobile station. 

[0082] 

Here, a paging channel is used for sending the message 
that includes both spread spectrum signal sending time 
difference and coordinate information of the predetermined 
base station and the respective base stations in its 
neighborhood. The paging channel is used for sending 
message channel assignment information. It is thus possible 
to easily obtain position information each necessary base 
station for calculating a position of the mobile station. 
[0083] 

The data rate of the positioning-dedicated channel is 
lowered while the spreading rate of the spread spectrum 
signal is raised. It is thus possible to suppress adverse 
influences to be exerted on the original services of the CDMA 
digital mobile communication system. 
[0084] 

Coordinate information of the predetermined base 
station is sent as is while only a difference from that of 
the predetermined base station is sent from each of the base 
stations in the neighborhood of the predetermined base 
station. It is thus possible to suppress adverse influences 
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to be exerted on the original services of the CDMA digital 
mobile communication system. 
[0085] 

An error detection code or error correction code of 
each base station is sent together with both spread spectrum 
signal sending time difference and coordinate information 
of the predetermined base station and the respective base 
stations in its neighborhood. It is thus possible to 
suppress adverse influences to be exerted on the original 
services of the CDMA digital mobile communication system. 
[0086] 

An access channel in a communication channel from the 
mobile station to a base station is used to send the position 
information of the mobile station to the base station or 
positioning-dedicated management station. It is thus 
possible to transfer positioning results to each user 
station from a mobile terminal whose position is calculated 
by the CDMA digital mobile communication system. 
[0087] 

The mobile station uses the access channel when in a 
waiting state and uses a traffic channel prepared for 
sending voice information when in a busy state, thereby 
sending the position information of the mobile station to 
the base station or positioning-dedicated management 
station. It is thus possible to transfer positioning 
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results to each user station from a mobile terminal whose 

position is calculated by the CDMA digital mobile 

communication system . 

[0088] 

In this case, the communication channel from the 
mobile station to the base station is provided with a 
positioning result sending channel used to send the position 
information of the mobile station to the base station or 
positioning-dedicated management station. It is thus 
possible to transfer positioning results to each user 
station from a mobile terminal whose position is calculated 
by the CDMA digital mobile communication system. 
[008§.] 

The data rate of the spread spectrum signal sent from 
the mobile station is lowered while the spreading rate of 
the spread spectrum signal is raised. It is thus possible 
to transfer positioning results to each user station from 
a mobile terminal whose position is calculated by the CDMA 
digital mobile communication system. 
[0090] 

The mobile station uses a frequency channel that is 
not used for the mobile communication system so as to send 
position information of the mobile station to a plurality 
of the base stations belonging to the mobile communication 
system, the positioning-dedicated management station, or a 
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plurality of the base stations belonging to an existing 
network. It is thus possible to transfer positioning 
results to each user station from a mobile terminal whose 
position is located. 
[Brief Description of the Drawings] 

Fig.l is a conceptual block diagram of a positioning 
system of the present invention. 

Fig. 2 is a schematic block diagram of a channel from 
a base station to a mobile station in the CDMA method digital 
mobile communication system. 

Fig. 3 is a schematic circuit diagram of a PN code 
detection circuit of the mobile terminal. 

^Fig.4 shows an output from the PN code detection 
circuit shown in Fig. 3. 

Fig. 5 is a schematic circuit diagram of a second PN code 
detection circuit . 

Fig. 6 shows a time of each base station, detected by 
the mobile terminal. 

Fig. 7 is a schematic circuit diagram of the PN code 
detection circuit of the mobile terminal. 

Fig. 8 is a schematic circuit diagram of the PN code 
detection circuit of a second mobile terminal. 

Fig. 9 is a timing chart of the PN code detection circuit 
shown in Fig. 8. 
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Fig.lO is a schematic block diagram of the mobile 
terminal . 

Fig. 11 is a schematic block diagram of a mobile 
terminal that uses a sync channel. 

Fig. 12 is a format of a message transferred from a base 
station to a mobile station. 

Fig. 13 is a schematic block diagram of a mobile 
terminal that uses a paging channel. 

Fig. 14 is a schematic block diagram of a mobile 
terminal that uses a positioning-dedicated channel. 

Fig. 15 is a format of a message sent from each base 
station . 

:\Fig.l6 is a schematic block diagram of channels from 
a mobile terminal to base stations in the CDMA method digital 
mobile communication system. 

Fig. 17 is a format of positioning data. 

Fig. 18 is a schematic block diagram of a system that 
transfers positioning data to each user station via the 
positioning system of the present invention. 

Fig. 19 is a schematic block diagram of a second system 
that transfers positioning data to each user station via the 
positioning system of the present invention. 

Fig. 20 is a schematic block diagram of a digital mobile 
communication system. 
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Fig.21 is a schematic block diagram of wave sending in 
land mobile communication. 

Fig. 22 shows a relationship between a distance from a 
base station and a signal strength in land mobile 
communication . 

[Explanation of Reference Numerals] 

1, 2, 3, 4,.. Base Station 

5,., Mobile Terminal 

6. 23... PN Code Generator 

14... Channel Adder 

15, 20, 96... Antenna 

16, 21, 95... Receiver 
17... Matched Filter 

19... Base Station of Another System 
30... PN Code Correlator 
40... PN Code Detector 

50, 60, 70, 80... Sync Channel Demodulator 

51, 61, 71, 81... PN Time Shift Amount Extraction Circuit 

52, 62, 72, 82... PN Code Detector 

53, 63, 73, 83... PN Code Timing Extraction Circuit of Each 
Base Station 

54, 64, 74, 84... Base Station Coordinate Output Circuit 

55, 65, 75, 85... Position Calculation Circuit 

66, 76, 86... Base Station Coordinate Information Extraction 
Circuit 



II 
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77... Paging Channel Demodulator 

87.,. Positioning-Dedicated Channel Demodulator 

90, 91... Access Channel Modulator 

92, 93... Traffic Channel Demodulator 

94... Positioning-Dedicated Channel Demodulator 
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[ Amendment] 

[Filed] March 4, 1994 
[What Is Claimed Is] 

1. A positioning system for calculating a position of 
a mobile station in a mobile communication system that 
communicates with a plurality of base stations by using the 
CDMA method, 

wherein a position of said mobile station is 
calculated according to a sending delay difference of a 
spread spectrum signal of each of a plurality of said base 
stations, obtained by subtracting a sending time difference 
predetermined for each of a plurality of said base stations 
fromreach of the same series spread spectrum signals 
received from a plurality of said base stations. 

2. The positioning system according to Claim 1, 
wherein said mobile station decides a receiving 

timing of a spread spectrum signal by using: 

correlation value calculating means that generates 
the same spread spectrum signal as those received from a 
plurality of said base stations and calculates a correlation 
value between this spread spectrum signal and each of said 
spread spectrum signals received from a plurality of said 
base stations; 

a plurality of delaying means used to delay this 
correlation value respectively; 
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a plurality of comparing means used to compare among 
a plurality of said delayed signals received from a 
plurality of said delay means respectively; 

counting means used to count a receiving time of a 
spread spectrum signal that is over a predetermined energy 
among said delayed signals compared by those comparing 
means . 

3. The positioning system according to Claim 2, 
wherein said mobile station decides the shortest 

timing spread spectrum signal among spread spectrum signals 
received from a plurality of said base stations at a 
plurality of timings via a multi-path as a receiving time 
of a /spread spectrum signal sent from a predetermined base 
station . 

4. The positioning system according to Claim 1 or 3 , 
wherein a correlation value is calculated by 

increasing the spread code length of a spread spectrum 
signal received from a base station far away from said mobile 
station . 

5. The positioning system according to Claim 3, 
wherein said mobile station, after detecting spread 
spectrum signals received from a plurality of said base 
stations, increases the length of a spread code used to 
detect other spectrum spread codes , thereby searching 
whether or not there is a spread spectrum signal of an 
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earlier timing than the timings of already detected spread 
spectrum signals. 

6, The positioning system according to Claim 1, 
wherein said mobile station provided with a table that 
holds a spread spectrum signal sending time difference 
predetermined for each base station and the position 
information of said base station further includes: 

demodulating means that demodulates a sync channel 
message used to send cycle information of a spread spectrum 
signal received from each of a plurality of said base 
stations, thereby detecting a demodulation timings- 
shift amount extracting means that calculates a 
spreikd spectrum signal sending time difference of each of 
plurality of said base stations, obtained from said data 
demodulated by said demodulating means ; 

received signal detecting means that detects a 
receiving time of each of said spread spectrum signals; 

timing extracting means that finds a reference timing 
of received signals according to a demodulation timing 
received from said demodulating means, a sending time 
difference received from said shift value extracting means , 
and a receiving time of a spread spectrum signal received 
from said received signal detecting means; 

base station coordinate outputting means that finds 
coordinate information of each of a plurality of said base 
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stations from said reference timing of received signals 
extracted by said timing extracting means respectively; and 
positioning means that calculates a position of each 
of a plurality of said base stations from both receiving time 
and sending time difference of each of a plurality of said 
base stations, received from said timing extracting means, 
as well as coordinate information of each of a plurality of 
said base stations received from said base station 
coordinate outputting means . 

7. The positioning system according to Claim 6, 
wherein said sync channel is used to send a message 

that includes both spread spectrum signal sending time 
difference and coordinate information of said predetermined 
base station and each of base stations in its neighborhood, 
said sync channel being used to send cycle information of 
the spread spectrum signal sent from a plurality of base 
station . 

8. The positioning system according to Claim 6, 
wherein a paging channel is used for sending said 

message that includes both spread spectrum signal sending 
time difference and coordinate information of said 
predetermined base station and said respective base 
stations in its neighborhood, said paging channel being used 
for sending message channel assignment information. 

9. The positioning system according to Claim 6, 
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wherein a positioning-dedicated channel is used to 
send said message that includes both spread spectrum signal 
sending time difference and coordinate information of said 
predetermined base station and said respective base 
stations in its neighborhood. 

10. The positioning system according to Claim 9, 
wherein the data rate of said positioning-dedicated 

channel is lowered while the spreading rate of said spread 
spectrum signal is raised. 

11. The positioning system according to Claim 7, 8, 

or 9, 

wherein coordinate information of said predetermined 

« 

basei'station is sent as is while only a difference from that 
of said predetermined base station is sent from said 
respective base stations in the neighborhood of said 
predetermined base station. ^ 

12. The positioning system according to any of Claim 
7, 8, or 9, 

wherein an error detection code or error correction 
code of each base station is sent together with both spread 
spectrum signal sending time difference and coordinate 
information of said predetermined base station and said 
respective base stations in its neighborhood. 

13. The positioning system according to Claim 1, 
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wherein an access channel in a communication channel 
from said mobile station to a base station is used to send 
said position information of said mobile station to said 
base station or positioning-dedicated management station. 

14. The positioning system according to Claim 13, 
wherein said mobile station uses said access channel 

when in a waiting state and uses a traffic channel prepared 
for sending voice information when in a busy state, thereby 
sending said position information of said mobile station to 
said base station or positioning-dedicated management 
station. 

15. The positioning system according to Claim 13, 
wherein said communication channel from said mobile 

station to said base station is provided with a positioning 
result sending channel used to send said position 
information of said mobile station to said base station or 
positioning-dedicated management station. 

16. The positioning system according to Claim 15, 
wherein the data rate of said spread spectrum signal 

sent from said mobile station is lowered while the spreading 
rate of said spread spectrum signal is raised. 

17. The positioning system according to Claim 1, 
wherein said mobile station uses a frequency channel 

that is not used for said mobile communication system so as 
to send position information of said mobile station to a 
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plurality of said base stations belonging to said mobile 
communication system, said positioning-dedicated 
management station, or a plurality of said base stations 
belonging to an existing network, 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Utilization] 

The present invention relates to a positioning system 
that locates a position of a mobile station (mobile 
terminal) . 
[0002] 
[Prior Art] 

r, Conventionally , the positioning system that locates 
a position of a mobile station or mobile terminal is one of 
navigation systems, which employs a GPS (Global Positioning 
System) that uses radio waves irradiated from satellites 
and/or a navigation assisting system that employs shipping 
waves to obtain position information. The so-called 
loran-C, etc. are known as such positioning systems. The 
loran-C finds a distance by measuring an arrival time 
difference among pulse waves sent from a plurality of land 
stations and synchronized with the same frequency 
respectively . 
[0003] 

[Problem to be Solved by the Invention] 
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When any of the GPS and the loran-C is used for 
positioning, however, some devices including an antenna, 
another receiver, etc. are needed. This is why it has been 
considered to be more appropriate to use a mobile 
communication system simplified more than the GPS, the 
loran-C, etc. for the positioning. One of such concrete 
positioning system examples is a positioning system that 
employs a so-called CDMA (Code Division Multiple Access) 
digital cellular system. 
[0004] 

In recent years, however, attention is paid to a 
spread spectrum communication method, that is, a so-called 
SS mdthod that spreads a modulated wave in a spectrum band 
several hundreds to several thousands wider than the band 
of subject information so as to make communications. This 
spread spectrum communication method enables the 
transmitter to modulate the carrier with a PN (pseudo noise) 
code series , thereby the frequency spectrum is spread. On 
the other hand, the receiver receives data passed through 
an inversely spreading process or correlating process that 
uses a PN series generated by a PN code series generator in 
the same structure as that of the transmitter. The processed 
data is then passed to base band modulation. 
[0005] 
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When the receiver demodulates a received signal by 
using the spectrum spreading communication method, the 
received signal PN series pattern, as well as the timing must 
match between both transmitter and receiver. In other 
words, the generation timing or generation phase of the 
signal must match between both transmitter and receiver. 
Consequently, the communication line is connected between 
the transmitter and the receiver only when the PN series, 
the timing, and the phase of the signal match between the 
transmitter and the receiver. Therefore, communication is 
enabled via many channels due to the differences of PN series 
by making the most of the features of the spectrum spreading 
communication method while the same frequency is used. The 
CDMA method is such a method enabled for multi-channel 
connections by identifying a channel with its PN code and 
by making the most of the features of the spectrum spreading 
communication method. 
[0006] 

The digital mobile communication system that employs 
this CDMA method is intended for voice communications. The 
system is featured in that it can realize a larger 
communication capacity and a higher communication quality 
than any of the conventional analog cellular 
communications. In the CDMA method digital mobile 
communication system, a plurality of base stations send 
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their spread codes (pilot PN codes) repetitively via a 
channel referred to as a pilot channel respectively by using 
the-described spectrum spreading communication method, so 
that a position of a mobile station can be located basically 
by counting a sending delay time difference among the spread 
codes from a plurality of base stations . 
[0007] 

However, a positioning system that employs this CDMA 
method digital mobile communication system has been 
confronted with the following problems. 
[0008] 

At first, every positioning system that enables each 
mobile terminal to make positioning must know the position 
from which a positioning wave is sent. In the case of the 
CDMA method digital mobile communication system, this wave 
source point is a base station and this wave source point 
must be known beforehand by each mobile station of the 
system. 
[0009] 

As described above, the CDMA method digital mobile 
communication system is a system intended for voice 
communication and the positioning system must be realized 
so as not to affect the services of the communication system 
adversely, for example, so as not to reduce the 
communication capacity. 
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[0010] 

Fig. 20 shows a basic block diagram of such a mobile 
communication system. In Fig. 20, areas (service areas) 201, 
202, and 203 that include base stations 1, 2, and 3 
respectively are disposed with no space therebetween. For 
example, when data is sent from a base station 3 in the 
service area 203 to a mobile terminal 204, the radio wave 
is sent via a switching control station 200 in a public line 
network. When, a call is made from a home telephone to the 
mobile terminal 204, signals pass through a public line, a 
switching control station 200, and a base station 3. 
tOOll] 

r While a plurality of base stations that can connect 
a line respectively around the boundary among those service 
areas 201, 202, and 203, the sending power of each of the 
base stations 1 to 3 is controlled to the minimum necessary 
level so as to minimize the interference of one base station 
on another. Consequently, the sending power of a base 
station around the center of an area is not strong enable 
the line of another service area to be connected there. 
[0012] 

Fig. 21 shows a schematic block diagram of a radio wave 
sending method of land mobile communication represented by 
the cellular one. For the cellular communication, the 
antenna of a base station, for example, that of the base 
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station 4, is not so high; actually it is just several tens 
of meters in height. Therefore, the radio wave does not 
reach the mobile terminal 204 except when the mobile 
terminal 204 is in an open suburban area. Usually, 
therefore, the mobile terminal comes to receive reflected 
waves RW caused by buildings, mountains, cliffs, etc. 
existing around itself. In such a case, the transmission 
distance of each reflected wave RW becomes larger than the 
direct wave DW sending distance as shown in Fig. 21. This 
often causes errors in calculations for positioning. 
[0013] 

Fig, 22 shows a relationship between a sending 
distance of a radio wave and a signal strength- The farther 
a base station is separated from the mobile terminal 204, 
the lower the radio wave strength from the base station, that 
is, the signal strength becomes. It is estimated that the 
base station might be separated more than 10km from the 
mobile terminal 204 in maximum, so that the mobile terminal 
204 is usually required to detect very weak signals. 
[0014] 

For such a positioning system that uses satellites, 
a mobile terminal receives radio waves directly from those 
satellites to calculate the position of itself. For land 
communications such as the cellular one, however, a mobile 
terminal can hardly receive the radio wave directly from any 
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base station, so that the mobile terminal often receives 
reflected waves. In such a case, a significant error might 
occur in the position calculation and how to minimize the 
error is very important. In such a positioning system that 
uses satellites, a mobile terminal can receive a radio wave 
from each satellite at an almost fixed wave strength. In 
the CDMA method digital mobile communication system, 
however, the wave strength from each base station is varied 
significantly among mobile terminals and this must be taken 
into consideration. 
[0015] 

Under the circumstances, it is an object of the present 
invedtion to provide a positioning system that enables a 
mobile terminal to locate the position of itself with use 
of a method simplified more than any conventional one. 
[0016] 

SUMMARY OF THE INVENTION 

In order to achieve the object, the positioning system 
of the present invention, which is used to calculate a 
position of each mobile station in a mobile communication 
system that employs the CDMA method for communications among 
a plurality of base stations, calculates a position of the 
mobile terminal according to a sending delay difference of 
a spread spectrum signal of each of a plurality of the base 
stations, obtained by subtracting a sending time difference 
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predetermined for each of a plurality of the base stations 
from each of the same series spread spectrum signals 
received from a plurality of the base stations. 
[0017] 

The mobile station decides a receiving timing of a 
spread spectrum signal by using correlation value 
calculating means that generates the same spread spectrum 
signal as those received from a plurality of the base 
stations and calculates a correlation value between this 
spread spectrum signal and each of the respective spread 
spectrum signals received from a plurality of the base 
stations; a plurality of delaying means used to delay this 
corrdlation value respectively; a plurality of comparing 
means used to compare among a plurality of the delayed 
signals received from a plurality of the delay means 
respectively; counting means used to count a receiving time 
of a spread spectrum signal that is over a predetermined 
energy among the delayed signals compared by those comparing 
means . 
[0018] 

The mobile station decides the shortest timing spread 
spectrum signal among spread spectrum signals received from 
a plurality of the base stations at a plurality of timings 
via a multi-path as a receiving time of a spread spectrum 
signal sent from a predetermined base station. 
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[0019] 

Each correlation value is calculated by increasing 
the spread code length of a spread spectrum signal received 
from a base station far away from the mobile station. 

[0020] 

The mobile station, after detecting spread spectrum 
signals received from a plurality of the base stations, 
increases the length of a spread code used to detect other 
spectrum spread codes , thereby searching whether or not 
there is a spread spectrum signal of an earlier timing than 
the timings of already detected spread spectrum signals. 
[0021] 

i'.The mobile station provided with a table that holds a 
spread spectrum signal sending time difference 
predetermined for each base station and the position 
information of the base station further includes; 

demodulating means that demodulates a sync channel 
message used to send cycle information of a spread spectrum 
signal received from each of a plurality of the base 
stations, thereby detecting a demodulation timing; shift 
amount extracting means that calculates a spread spectrum 
signal sending time difference of each of plurality of the 
base stations, obtained from the data demodulated by the 
demodulating means; received signal detecting means that 
detects a receiving time of each of the spread spectrum 
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signals; timing extracting means that finds a reference 
timing of received signals according to a demodulation 
timing received from the demodulating means, a sending time 
difference received from the shift value extracting means, 
and a receiving time of a spread spectrum signal received 
from the received signal detecting means; base station 
coordinate outputting means that finds coordinate 
information of each of a plurality of the base stations from 
the reference timing of received signals extracted by the 
timing extracting means respectively; and positioning means 
that calculates a position of each of a plurality of the base 
stations from both receiving time and sending time 
difference of each of a plurality of the base stations, 
received from the timing extracting means, as well as 
coordinate information of each of a plurality of the base 
stations received from the base station coordinate 
outputting means. 
[0022] 

Here, a sync channel used to send cycle information 
of the spread spectrum signal from each of a plurality of 
base stations, a paging channel used to send channel 
assignment information, or a positioning-dedicated channel 
is used for sending the message that includes both spread 
spectrum signal sending time difference and coordinate 
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information of the predetermined base station and each of 

the base stations in its neighborhood. 

[0023] 

The data rate of the positioning-dedicated channel is 
lowered while the spreading rate of the spread spectrum 
signal is raised. 
[0024] 

Coordinate information of the predetermined base 
station is sent as is while only a difference from that of 
the predetermined base station is sent from the respective 
base stations in the neighborhood of the predetermined base 
station . 
[0025.] 

An error detection code or error correction code of 
each base station is sent together with both spread spectrum 
signal sending time difference and coordinate information 
of the predetermined base station and the respective base 
stations in its neighborhood. 
[0026] 

An access channel in a communication channel from the 
mobile station to a base station is used to send the position 
information of the mobile station to the base station or 
positioning-dedicated management station. 
[0027] 
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The mobile station uses the access channel when in a 
waiting state and uses a traffic channel prepared for 
sending voice information when in a busy state, thereby 
sending the position information of the mobile station to 
the base station or positioning-dedicated management 
station . 
[0028] 

In this case, the communication channel from the 
mobile station to the base station is provided with a 
positioning result sending channel used to send the position 
information of the mobile station to the base station or 
positioning-dedicated management station. 
[0029,] 

The data rate of the spread spectrum signal sent from 
the mobile station is lowered while the spreading rate of 
the spread spectrum signal is raised. 
[0030] 

The mobile station uses a frequency channel that is 
not used for the mobile communication system so as to send 
position information of the mobile station to a plurality 
of the base stations belonging to the mobile communication 
system, the positioning-dedicated management station, or a 
plurality of the base stations belonging to an existing 
network . 
[0031] 
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[Function] 

The present invention makes it easy to locate a mobile 
station according to a sending delay difference of a spread 
spectrum signal of each of a plurality of base stations, 
obtained by subtracting a sending time difference 
predetermined for each of those base stations from each of 
the same series spread spectrum signals received from those 
base stations. 
[0032] 

[Preferred Embodiments] 

Hereunder, the preferred embodiments of the present 
invention will be described with reference to the 
accoApanying drawings . 

[0033] 

Fig. 1 shows a schematic bloclc diagram of a positioning 
system of the present invention with respect to how signals 
are sent from respective base stations. When a mobile 
station makes an attempt to locate its position, the mobile 
station must receive signals at least from three base 
stations. However, the more the locating accuracy is 
improved, the more the number of base stations from which 
signals can be received increases. In Fig.l, therefore, 
four base stations are provided and the coordinates of the 
mobile terminal 5, the base stations 1, 2, 3, and 4 are 



-82- 



assumed as (x, y, z) , (xi, yi, zi) , {kz, Y2, Z2) / (X3, ya, 23), 

and (X4, y4 , Z4) respectively. 

[0034] 

Fig. 2 shows a schematic block diagram of a transmitter 
of each base station. In the CDiyiA method digital mobile 
communication system for which the positioning system of the 
present invention applies, for example, in a so-called 
digital cellular system, signals are sent/received among a 
plurality of base stations and each of the spread spectrum 
signals used in the sending/receiving operation includes a 
time delay preset for respective base stations from a 
reference sending timing, concretely a so-called pilot PN 
offset. Four types of code channels (pilot channel, sync 
channel, paging channel, and traffic channel) are prepared 
for the signals to be sent from respective base stations to 
each mobile station (forward link) in this CDMA method 
digital mobile communication system. The pilot channel is 
used to send PN codes repetitively and synchronize a base 
station with the mobile terminal 5, keep the 
synchronization, and regenerate a clock. The pilot channel 
is not used to send data. The sync channel is used to make 
the time information and the long cycle PN code match between 
respective base stations and the mobile terminal 5. The 
paging channel is divided into seven types in maximum and 
used to send information necessary for hand-off operation, 
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information for calling a terminal at the time of receiving 
an incoming call, response information from a base station 
at the time of making a call, and send traffic channel 
assignment information. There are a maximum of (63 - the 
number of sync channels - the number of paging channels) for 
the traffic channel used to send voice information at the 
time of talking. 
[0035] 

In the CDMA method digital mobile communication 
system, a spread code to be multiplied by the four types of 
channel data is changed, multiplexed, then sent with the 
same frequency. In this system, a spread code is obtained 
by midltiplying a PN code by a Walsh code in an orthogonal 
function series . This Walsh code is changed to generate each 
of the channels. 
[0036] 

At first, a PN code generated by a PN code generator 
6 is sent to multipliers 7, 8, 10, and 12 respectively. The 
value of the Walsh code used for the pilot channel is always 
zero (0) and the PN code is thus sent to a channel adder 14 
as pilot channel data as is via the multiplier 7. 
Consequently, the mobile terminal 5 comes to detect the 
timing of a spread code of the pilot channel so as to detect 
a PN code received from respective base stations. Sync 
channel data is multiplied in the multiplier 9 by a value 
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obtained by multiplying a Walsh code (value: 32) by a PN code 
in the multiplier 8. Paging channel data is multiplied in 
the multiplier 11 by a value obtained by multiplying a Walsh 
code (value: 1) by a PN code in the multiplier 10. Traffic 
channel data is multiplied in the multiplier 13 by a value 
obtained by multiplying a Walsh code (value: n) by a PN code 
in the multiplier 12. The. pilot channel data, as well as 
other channel data multiplied in the multipliers 9, 11, and 
13 are sent to the channel adder 14, then sent to the 
modulator of each base station. 
[0037] 

The mobile terminal 5 selects a a Walsh code number, 
thereby demodulating the data of a desired code channel 
other than the pilot channel. Unlike the mobile 
communication systems of other methods, in the CDMA method 
digital mobile communication system, the same frequency is 
used in adjacent areas, that is, in all the base stations 
including the service areas. Consequently, a receiver, when 
it can receives data of a frequency channel, can detect PN 
codes from a plurality of base stations. This system is thus 
very efficient for positioning. In addition, each base 
station is assigned a unique delay time from a reference 
timing referred to as a pilot PN offset and each base station 
sends its PN code delayed by the pilot PN offset. As a 
result, a receiver can separate/demodulate any signals 
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multiplexed with such a time different in the spread 
spectrum communication, thereby it becomes possible for a 
mobile terminal to detect the PN codes from a plurality of 
base stations . 
[0038] 

Next, a mobile terminal assumed as a receiver will be 
described. For a positioning system that employs the CDMA 
method digital mobile communication system, a mobile 
terminal receives and detects the pilot channel data sent 
from respective base stations. Fig. 3 shows a schematic 
block diagram of a detection circuit of the mobile terminal, 
used to detect the pilot channel data from those base 
stations . 
[0039] 

The signal from a base station is entered to a receiver 
16 via an antenna 15 of the mobile terminal. The receiver 
16 down-converts the received signal frequency to a 
frequency optimized to a matched filter 17, detected, then 
entered to the" matched filter 17. The matched filter 17 
calculates a correlation value with the predetermined code 
string, that is, the PN code and obtains an output signal 
in accordance with the correlation. 
[0040] 

Fig. 4 shows an output from a USA CDMA method digital 
mobile communication system as an example of the output from 
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the matched filter 17. The cycle of the PN code output from 
this CDJyiA method digital mobile communication system is 
about 26.7ms. The matched filter 17 also makes the output 
at the same cycle to correspond to a specific base station. 
Each of other base stations sends its PN code delayed by a 
predetermined sending time difference, concretely by a 
so-called pilot PN offset. This pilot PN offset means a time 
delay preset for each base station uniquely from a reference 
timing for sending spread spectrum signals. Consequently, 
the output from the matched filter 17 is also detected at 
a delay by the pilot PN offset. The reason why each of the 
outputs SI and S2 corresponding to each of the base stations 
1 and 2 has a plurality of peaks here is that a so-called 
multi-path is generated by a plurality of reflected waves 
and each PN code is detected at a delay by a. difference among 
the sending path lengths . 
[0041] 

Fig. 5 shows a second schematic block diagram of the 
circuit that detects the pilot channel sent from each base 
station. The signal from a base station is received by a 
receiver 21 via an antenna 20 and down-converted and 
wave-detected there, then entered to a multiplier 22. On 
the other hand, the PN code generated by a PN code generator 
23 is entered to the multiplier 22 and multiplied by the 
received signal there. This multiplied signal is then 
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entered to an integrator 2 4 and added to the result of the 
integration there. The integrator 2 4 integrates each input 
signal after it is reset by a reset signal from a control 
circuit 26 and its output is held by the control circuit 26 
in a hold circuit 25, thereby a correlation result is 
obtained. This correlation result is an instantaneous 
correlation value. To obtain a result of one cycle of PN 
codes, therefore, the output of the PN code generator 23 is 
time-shifted so as to repeat the operation for obtaining the 
series of correlation values. The signal entered to the PN 
code generator 23 from the control circuit 26 at this time 
is used to control time-shifting of the PN code. Although 
the u'se of this detection circuit enables the configuration 
shown in Fig. 3 to make the same output, it takes a lot of 
time to obtain a result of one cycle of PN codes. In spite 
of this, this method has an advantage that the circuit can 
be reduced in size. 

*> 

[0042] 

Next, the positioning method of the present invention 
will be described. In this method, sending times of signals 
from the base stations 1, 2, 3, and 4 to the mobile terminal 
5 are assumed as tpi, tp2, tpa, and tp4. Each of the base 
stations 1 to 4 sends its PN code delayed by a predetermined 
pilot PN offset. The delay times of their PN codes are 
assumed as tsi, tS2, tsa, and tS4. When a base station sends 



-88- 



its PN code with no delay, the sending time is assumed as 
to and the times at which the mobile terminal 5 of a mobile 
station receives PN codes from the base stations 1 to 4 are 
assumed as ti, tz, t^, and t4. 
[0043] 

Consequently, the distance between each of the base 
stations 1 to 4 and the mobile terminal 5 is equal to a value 
obtained by multiplying the sending time by the wave speed, 
that is, the light speed. The following expressions (1) to 
(4) are thus obtained. It is also assumed here that the PN 
codes from the four base stations can be detected. 
[0044] 

(x-Xi):2+(y-yi)2+(2-2i)2=(tpiXc)2 • . . (1) 

(x-X2)2+(y-y2)2+(z-22)2=(tp2Xc)2 • • • (2) 
(x-X3)2+(y-y3)2+(z-23)2=(tP3Xc)2 - • • (3) 
(x"X4)2+(y-y4)2+(2-Z4)2=(tp4Xc)2 • • ^ (4) 

Here, ''c" denotes the light speed. 

[0045] 

In the expressions (1) to (4) , seven values of x, y, 
2/ tpi, tp2, tp3, and tp4 are unJcnown. The time at which each 
of the base stations 1 to 4 sends the initial part of its 
PN code becomes as follows; to+tsi, to+tS2/ to+tsa, and to+tS4. 
Because a predetermined sending delay is added to each of 
those times at which the mobile terminal 5 receive the PN 
codes, the result becomes as follows; to+tSi+tpi, to+tS2+tp2, 
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to+tS3+tp3, and to+tS4+tp4. At this time, because the 
processing time in the mobile terminal 5 is set off, it is 
omitted from the times respectively. 
[0046] 

For the mobile terminal 5 in the CDMA method digital 
mobile communication system, time adjustment is not done 
precisely. Therefore, the mobile terminal 5 cannot decide 
the time to. The mobile terminal 5 can thus count only an 
arrival time difference of the PN code from each base station 
as shown in Fig. 6. For example, the time differences with 
which the mobile terminal 5 receive the PN codes from the 
base stations 2 to 4 , when the base station 1 is assumed as 
the Reference station, are calculated by the following 
expressions (5) to (7) as shown below. 
[0047] 

dt2=t2-ti=tQ+t52+tP2""(to+tSi+tPi)=tS2"tSi+tP2-tPi • • • (5) 
dt3=t3-t^=tQ+tS3+tp3-(tQ-i-tSi+tPi)=tS3-tSi+tp3~tpi • • • (6) 
dt4=t4-ti=to+tS4+tp4-(to+tSi+tpi)=tS4-tSi'*-tp4-tpi ' • • (7) 

[0048] 

As described above, because the number of unknowns are 
seven, they can be solved by seven expressions, which are 
the expressions (5) to (7) and the expressions (1) to (4) 
described above. When the mobile terminal 5 detects PN codes 
from five or more base stations, the least squares method, 
etc. can be used to solve the unknowns. The positioning 
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accuracy can thus be improved more than when there are four 

base stations. 

[0049] 

Fig. 7 shows a schematic circuit diagram of a PN code 
detection circuit for deciding an arrival timing of each 
spread spectrum signal. When the mobile terminal 5 receives 
a PN code, a PN code correlator 30 calculates a correlation 
value with the PN code, then outputs the correlation value. 
Concretely, this correlator 30 uses a circuit as shown in 
Fig. 3 or Fig. 5. It is assumed that a correlation value 
output from this PN code correlator 30 is b, a signal delayed 
from this correlation value in a delay circuit 31 is b, and 
a si(gnal further delayed from this delayed signal b in a 
delay circuit 32 is a. A threshold value is assumed as d. 
Then, the peak point is detected on the conditions of a<b 
and c<b with use of comparators 33 and 34, then signals over 
a certain level are detected on the conditions of b>d with 
use of a comparator 35 and passed through an AND circuit, 
thereby the result is entered to a write control circuit 37 
as an enable signal ENi used to record a clock time. On the 
other hand, the value of the clock or timer 39 is entered 
to the write control circuit 37. The write control circuit 
37, when all of the input signal ENi, which is the enable 
signal, as well as input signals EN2 and EN3 (to be described 
later) are high in level, outputs a write signal WR and 
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records the value received from the clock 39 on a recording 
medium 38 composed of a memory, etc. 
[0050] 

The receiver of the CDMA method digital mobile 
communication system is a RAKE receiver. In any of the 
conventional mobile communication systems, a multi-path has 
disturbed the communication. In the case of the spectrum 
spreading technique employed for the CDMA method digital 
mobile communication system, however, each receiver can 
spread the spectrum of spread spectrum signals inversely by 
adjusting the timing of the PN code to each reflected wave 
even when such a multi-path exists, thereby demodulating 
eachrref lected wave separately. The error rate can thus be 
lowered by demodulating and synthesizing multi-paths . 
Consequently, the CDMA method digital mobile communication 
system is making an attempt to employ a stronger multi-path. 
In other words, when there is a multi-path and a plurality 
of peaks are detected in a PN code detector, signals are 
demodulated in the order of stronger energies. 
[0051] 

On the contrary, the positioning system of the present 
invention uses the receiving time of the earliest arrival 
reflected wave in a plurality of multi-paths from base 
stations . In the positioning system, it is important to know 
the direct distance between each base station and a subject 
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mobile terminal. The smaller the delay of the path is, the 
more the wave from the base station becomes close to a direct 
wave. This is why a value obtained by multiplying the 
sending time by the light speed becomes closer to the direct 
distance between the base station and the mobile terminal. 
[0053] 

Fig. 8 shows a schematic block diagram of a receiver 
that receives the earliest arrival reflected wave in the 
multi-path. The PN code detector 40 is identical to the 
circuit shown in Fig. 7. As shown in Fig. 9, the output OD 
from a PN code detector 40 appears collectively for each base 
station due to the multi-path. Consequently, in order to 
detect each reflected wave from this multi-path, a range is 
decided for each base station and reflected waves are 
checked only in the range. This can omit checks in 
unnecessary ranges. The PN code detector 40 receives 
signals denoting a detection period IP shown in Fig. 9 
respectively as an input signal EN2, thereby recording only 
the peak point in the decided range. On the other hand, the 
output from the D flip-flop 41 is inverted in the NOT circuit 
42 and this inverted signal is entered to the PN code 
detector 40 as an input signal EN3. The output from this 
D flip-flop is driven into the low level due to the reset 
signal RE generated at the initial part of the detection 
period IP, thereby the peak point is detected in the 
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detection period IP. After that, the output is driven into 
the high level when a write signal WR is generated and 
recording is inhibited thereafter. This is why only the 
receiving time of the peak point at the initial part of the 
detection range is recorded. The PN code correlator as shown 
in Fig. 5 outputs a PN code correlation value in the reverse 
direction from the output shown in Fig. 9 in the viewpoint 
of the time when the correlator is operated forward at the 
timing of the PN code generated in this PN code correlator. 
In this case, there is no need to use the input signal EN3. 
In other words, when the peak point is detected again in the 
same range, it may be overwritten. 
[0053,] 

As described above, when a mobile terminal is required 
to detect all the PN codes included in the pilot channels 
from the four base stations, the terminal is also required 
to detect weak PN codes sent from faraway stations. The use 
of the PN code correlator shown in Fig. 5, however, 
eliminates the increase of the circuit in size even for 
longer PN codes (received from faraway base station) . The 
length of the PN codes to be correlated can thus be changed 
easily. In spite of this, a lot of time is still taken to 
check the detection period of each of the base stations in 
a general way while weak PN codes sent from faraway base 
stations can be detected if the PN codes to be correlated 
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are extended in length. To avoid the problem, the length 
of PN codes is not extended so much for detecting those PN 
codes. As a result, it comes to be possible to calculate 
the position of a mobile terminal if the PN codes from four 
base stations are detected. When the number of base stations 
is less than four, the length of their PN codes can be 
extended for checking signals in ranges in which no 
detection has been done, thereby PN codes from faraway base 
stations can be detected without taking a lot of time. In 
addition, another method to be described later can be 
employed to hold the pilot PN offset and the position 
information of each base station on the assumption that a 
mobile terminal exists around a base station that outputs 
a strong signal. It is thus possible to select each base 
station that may be detected according to the distance of 
each base station from the base station existing around this 
mobile terminal, thereby limiting the detection period and 
changing the length of the PN code of each base station for 
correlation and shorten the detection time or improve the 
detection performance, that is, the sensibility. 
[0054] 

While a description has been made for a method for 
recording the receiving time of the earliest arrival 
reflected wave in a multi-path from a base station, as well 
as a method for improving the detection performance by 
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extending the length of the PN code to be correlated, the 
extension of the length of the PN code to be correlated is 
indispensable to find a reflected wave as early as possible 
even when the signal is weak in strength. When the PN code 
is kept extended in length, however, it takes too much time 
for detecting the PN code. In order to avoid the problem, 
therefore, the PN codes are detected at first by extending 
the length of PN codes just within a range in which the 
detection can be saved. Then, the length of PN codes is 
extended in a short period just before the detection timing, 
thereby detecting PN codes again and earlier arrival 
reflected waves. Consequently, it comes to be possible to 
detedt earlier PN codes that are weak in signal strength. 
In addition, the length of those PN codes may be extended 
to detect the PN codes again, thereby finding earlier 
arrival reflected waves when a mobile terminal can count the 
receiving time of the PN code from each of four base stations 
and the unknowns can be solved over a normal range by using 
the expressions (1) to (7) to calculate the position of the 
mobile terminal or when the mobile terminal can obtain the 
receiving times of the PN codes from five or more base 
stations and decide the error to become large if solutions 
are found by using the least squares method, etc. 
[0055] 
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As described above, when the position of each base 
station is known, it is possible to calculate and locate the 
position of a mobile terminal. In the CDMA method digital 
mobile communication system, however, no mobile terminal is 
provided with means for knowing the position of any of base 
stations , so that the mobile terminal must be provided first 
with the new means. This is why the mobile terminal of the 
present invention is provided with a built-in conversion 
table used to calculate and locate the position of each base 
station according to the pilot PN offset predetermined for 
the base station. 
[0056] 

fPig.lO shows the first schematic circuit diagram of a 
receiver of a mobile terminal. After the mobile terminal 
is powered or reset, a PN code detector 52 composed as shown 
in Fig. 7 checks the PN code timing and sends the result to 
a sync channel demodulator 50. The sync channel demodulator 
50 adjusts the PN code to the entered timing, thereby 
demodulating the sync channel data. The base station 
information is already sent to the sync channel and the 
information includes the pilot PN offset of the base 
station. A PN time shift amount extraction circuit 51 
extracts the pilot PN offset of the base station from the 
demodulated sync channel data. The extracted pilot PN 
offset is supplied to a PN code timing extraction circuit 
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53 prepared for each base station. On the other hand, the 
PN code detector 52 supplies the correlation value of each 
timing to the PN code timing extraction circuit of each base 
station. The extraction circuit 53 detects the reference- 
timing from the demodulation timing of the PN code generated 
by the sync channel demodulator 50 and the pilot PN offset 
received from the PN time shift amount detection circuit 51 , 
thereby identifying each of the pilot PN offset values tsi, 
tS2, ... from respective base stations, which are detected 
from the detection result of the PN code detector 52 
respectively. The circuit 53 also supplies those pilot PN 
offset values to a base station coordinate output circuit 

54 add base station pilot PN offset values tsi, tS2,..., as 
well as the receiving times ti, ta,... to a position 
calculation circuit 55 respectively. Receiving the PN code 
pilot PN offset of a base station, the base station 
coordinate output circuit 54 supplies the coordinates of the 
base station to the position calculation circuit 55. The 
position calculation circuit 55 then calculates the 
position of the mobile terminal from the base station pilot 
PN offset values tsi, tS2,..., the receiving times ti, t2,...r 
and the base station coordinate information (xi, yi, z) , {xz, 
Y2, Z2) , then outputs the result. 

[0057] 
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Next, the second schematic block diagram of the 
receiver of the mobile terminal will be shown in Fig. 11. 
This second embodiment differs from the first embodiment in 
that the mobile terminal receives coordinate information, 
which is position information, from each base station via 
the sync channel. Each base station uses the sync channel 
for sending not only its pilot PN offset, but also both pilot 
PN offset and coordinate information of each base station 
in its neighborhood. 
[0058] 

Fig. 12 shows a format of a message to be sent from a 
base station to a mobile station in the CDMA method digital 
mobile communication system. This message is composed of 
a message body MB and an error check bit EC. The message 
body MB is composed of a message length ML, a message type 
MT, and data DT. In the message type MT of this message, 
both base station pilot PN offset and coordinate information 
of a base station are assigned newly so that the use of the 
sync channel is enabled for sending the data to the mobile 
terminal . 
[0059] 

After the mobile terminal is powered or reset, the 
mobile terminal checks the timing of a PN code with use of 
a PN code detector 62 and sends the result to a sync channel 
demodulator 60. The sync channel demodulator 60 adjusts the 
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PN code to the timing, thereby demodulating the sync channel 
data. The sync channel has already received the information 
of the base station, which includes the pilot PN offset. The 
PN time shift amount extraction circuit 61 extracts the 
pilot PN offset of the base station from the demodulated sync 
channel data. The extracted pilot PN offset is supplied to 
the PN code timing extraction circuit 63 of each base 
station. The base station coordinate information 
extraction circuit 66 then extracts the coordinate 
information of a base station corresponding to the pilot PN 
offset from the demodulated sync channel data and supplies 
the extracted information to a base station coordinate 
outpidt circuit 64. Consequently, the base station 
coordinate output circuit 64 can have a table that holds both 
pilot PN offset and coordinate information of each base 
station. On the other hand, the PN code detector 62 supplies 
the correlation value of each timing to the PN code timing 
extraction circuit 63 of each base station. The PN code 
timing extraction circuit 63 of each base station detects 
the reference timing from the PN code timing generated by 
the sync channel demodulator 60 and the pilot PN offset 
received from the PN time shift amount detection circuit 61, 
thereby identifying the pilot PN offset values tsi, tS2,... 
of the base stations, detected from the detection results 
by the PN code detector 62 and supplies those identified 
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pilot PN offset values to the base station coordinate output 
circuit 64 . The circuit 63 also supplies the pilot PN offset 
values tSi, tS2,... of the base stations and the receiving 
times ti, t2,... to the position calculation circuit 65. 
Receiving the pilot PN offset of a base station, the base 
station coordinate output circuit 64 supplies the 
coordinate information of the base station to the position 
calculation circuit 65. The position calculation circuit 
65 then calculates the position of the mobile terminal from 
the pilot PN offset values tsi, tS2,... of the PN codes from 
the base stations, the receiving times ti, t2,... / and the 
coordinate information (xi,yi, zi) , (X2,y2/ Z2) of the base 
stations, then outputs the result. 
[0060] 

Next, Fig. 13 shows the third schematic block diagram 
of the receiver of the mobile terminal. This third 
embodiment differs from the first embodiment in that the 
mobile terminal receives coordinate information from each 
base station via an existing paging channel. The base 
station uses the paging channel to send not only its pilot 
ON offset, but also both pilot PN offset and coordinate 
information of each base station in its neighborhood. After 
the mobile terminal is powered or reset, the PN code detector 
72 checks the timing of the received PN code and sends the 
result to the sync channel demodulator 70. The sync channel 
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demodulator 70 then adjusts the PN code to the timing, 
thereby demodulating the sync channel data. The sync 
channel has already received the information of the base 
station that includes the pilot PN offset. The PN time shift 
amount extraction circuit 71 extracts the pilot PN offset 
of the base station from the demodulated sync channel data. 
The extracted pilot PN offset is supplied to the PN code 
timing extraction circuit 73 of the base station. 
[0061] 

The paging channel demodulator 77 demodulates the 
paging channel and the demodulated paging channel data is 
supplied to the base station coordinate information 
extraction circuit 76. The base station coordinate 
information extraction circuit 76 extracts the coordinate 
information of the base station corresponding to a pilot PN 
offset and supplies the extracted information to the base 
station coordinate output circuit 74. Consequently, the 
base station coordinate output circuit 74 can have a table 
that holds both pilot PN offset and coordinate information 
of each base station. On the other hand, the PN code detector 
72 supplies the correlation value of each timing to the PN 
code timing extraction circuit 73 of each base station. The 
PN code timing extraction circuit 73 detects the reference 
timing from the timing of the PN code generated by the sync 
channel demodulator 70 and the pilot PN offset received from 



-102- 



the PN time shift amount detection circuit 71, thereby 
identifying the pilot PN offset values of the base stations 
tsi, tS2,... . Each of the identified PN offset values is 
supplied to the base station coordinate output circuit 74. 
The circuit 73 also supplies the pilot PN offset values tsi, 
tS2,... of those base stations and the receiving times ti, ta,... 
to the position calculation circuit 75. Receiving the pilot 
PN offset of a base station, the base station coordinate 
output circuit 7 4 supplies the coordinate information of the 
base station to the position calculation circuit 75. The 
position calculation circuit 75 then calculates the 
position of the mobile terminal from the pilot PN offset 
valu6.s tsi, tS2,... of the base stations, the receiving times 
ti, t2,..w and the coordinate information (xi,y.i,zi) , 
(x2,y2fZ2)- of the base stations, then outputs the result. 
[0062] 

Next, a description will be made for the fourth 
schematic circuit diagram of the receiving circuit of the 
mobile terminal shown in Fig. 14. This fourth embodiment 
differs from the first embodiment in that the mobile 
terminal uses the coordinate information of each base 
station received via a newly provided positioning data 
channel. Each base station uses the newly provided 
positioning data channel to send not only the pilot PN offset 
of itself, but also both pilot PN offset and coordinate 
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information of each of the base stations in its 
neighborhood. In the second and third embodiments, existing 
channels employed for the CDMA method digital mobile 
communication system are used, so that this might affect the 
CDMA method digital mobile communication system adversely. 
In other words, in the case where a new message is adopted 
for a channel of the CDMA method digital mobile 
communication system while the CDMA method digital mobile 
communication system is running, mobile terminals that are 
already sold may be confronted with troubles and it cannot 
guarantee that those existing mobile terminals are 
prevented from such troubles when they ignore the new 
message. This problem can be solved, however, by preparing 
a dedicated data channel to be used to reduce the possible 
adverse influence to be exerted on the CDMA method digital 
mobile communication system. 
[0063] 

After the mobile terminal is powered or reset, the PN 
code detector 82 checks the timing of a received PN code and 
sends the result to the sync channel demodulator 80. The 
sync channel demodulator 80 adjusts the PN code to the 
timing, thereby demodulating the sync channel data, which 
already receives the information of the base station, which 
includes the pilot PN offset. The PN time shift amount 
detection circuit 81 extracts the pilot PN offset of the base 
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station from the demodulated data. The extracted pilot PN 
offset is supplied to the PN code timing extraction circuit 
83 of each base station. The position-dedicated channel 
demodulator 87 demodulates the positioning-dedicated 
channel, thereby the positioning-dedicated channel data is 
supplied to the base station coordinate information 
extraction circuit 86. The base station coordinate 
information extraction circuit 86 then extracts the 
coordinate information of the base station corresponding to 
the pilot PN offset and supplies the extracted information 
to the base station coordinate output circuit 84. 
Consequently, the base station coordinate output circuit 84 
can b.ave a table that holds both pilot PN offset and 
coordinate information of each base station. On the other 
hand, the PN code detector 82 supplies the correlation value 
of each timing to the PN code timing extraction circuit 83 
of each base station. The PN code timing extraction circuit 
83 of each base station then detects the reference timing 
from the timing of each PN code generated by the sync channel 
demodulator 80 and each pilot PN offset received from the 
PN time shift amount detection circuit 81, thereby 
identifying each of the pilot PN offset values tsi, tS2,... 
of the base stations from the detection results of the PN 
code detector 82. The circuit 83 then supplies the 
identified pilot PN offset values tsi, tS2,... to the base 
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station coordinate output circuit 84, then the pilot PN 
offset values tsi, tS2/... of those base stations and the 
receiving times ti , t2,... to the position calculation circuit 
85. Receiving the pilot PN offset of a base station, the 
base station coordinate output circuit 84 supplies the 
coordinate information to the position calculation circuit 
85. The position calculation circuit 85 then calculates the 
position of the mobile terminal from the pilot PN offset 
values tsi, tS2,... of the base stations, the receiving times 
ti, t2,... , and the coordinate information 

{xi,yi,zi) , (x2,y2,Z2) of those base stations, then outputs 

the result. 

[0064,] 

In the fourth embodiment, a base station lowers the 
bit rate when sending both pilot PN offset and coordinate 
information of itself, as well as those of other base 
stations in its neighborhood by using a newly provided 
positiohing data channel and raises the spreading rate when 
spreading a spectrum signal, thereby suppressing the 
sending power of the positioning data channel and minimizing 
adverse influences to be exerted on the original services 
of the CDMA method digital mobile communication system, 
thereby preventing the system capacity from reduction, etc. 
A data rate of spread spectrum signals may be small, since 
the data (pilot PN shift amount and position information) 
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to be sent by the positioning data channel is not so much, 
which is just for 10 to 20 base stations; the initialization 
time of the mobile terminal is less restricted than the 
telephone terminals of mobile communication systems; and 
those information items are all fixed values. Concretely, 
the total amount of those information items will be about 
500 bits. The data rate of spread spectrum signals will thus 
become 100 bps or under when it is allowed to take several 
seconds for transferring those signals. While the spectrum 
spreading rate of the CDMA method digital mobile 
communication system is about 100 to 300 times, the rate of 
the positioning-dedicated channel, when it is raised to 
lOOOp. times or over, can be lowered to a several tenths or 
a hundredth or under depending on the data rate when compared 
with the sending power of existing channels. Therefore, the 
original CDMA method digital mobile communication system 
will not be affected almost at all. 
[0065] 

When a sync channel is used in the second embodiment, 
when a paging channel is used in the third embodiment, and 
when a newly provided data channel is used in the fourth 
embodiment to send both pilot PN offset and position 
information of each base station respectively, the base 
station should send its position data completely and send 
only a difference from the position data with respect to 
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those of each of other base stations in its neighborhood. 
This can suppress the total amount of the data to send. For 
example, 65 bits are needed to represent a position of a base 
station precisely in units of one meter in scale with station 
coordinates (latitude, longitude, and height) . On the 
contrary, only 43 bits are needed if, for example, a base 
station in the neighborhood is represented at a difference 
within a range of +10 to -10 minutes for both latitude and 
longitude and at a difference within a range of +1000 to 
-1000 for the height. 
[0066] 

In the second to fourth embodiments, if each base 
station sends both pilot PN offset and position information 
of itself while the number of existing base stations is n, 
the base station is required to send data DTi and check bit 
CBi of itself, then both base station data and check bit of 
each of those n base stations in the order of base station 
data DT2, check bit CB2,..., base station data DTn, and check 
bit CBn. Such way, an error detection or error correction 
code is added to information of each base station. At this 
time, what the mobile station needs is the pilot PN offset 
and the position information of each base station of which 
PN code is detected; the mobile terminal is not requested 
to receive those information items from all base stations 
correctly. As well known, error occurrence cannot be 
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avoided during data sending in mobile communications. When 
the bit error rate is fixed and data increases in length, 
the error occurrence rate also rises. Consequently, the 
error occurrence rate should be lowered by reducing a data 
unit to which an error detection or error correction code 
is to be added. The mobile terminal is then enabled to make 
positioning if it can receive the information of each base 
station of which PN code is detected completely . 
[0067] 

So far, a description has been made for a method that 
uses a CDMA method digital mobile communication system for 
positioning, thereby the mobile terminal can locate the 
position of itself in each of the embodiments. The method, 
however, cannot supply services such as the RDSS (Radio 
Determination Satellite Service) without modification . For 
example, when a transportation company center makes an 
attempt to manage the position of each of its trucks, the 
mobile terminal is requested to send the positioning result 
to the center by using some means. In such a case, it is 
one of possible methods to be thought of to use an access 
channel employed for the CDMA method digital mobile 
communication system to prepare means for transferring 
positioning data. 
[0068] 
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Fig. 16 shows a schematic block diagram of a receiver 
channel. A spread spectrum signal received via an antenna 
96 is divided by a receiver 95 into signals so as to be sent 
to modulators via a plurality of channels. The access 
channel is used to send a calling request when a telephone 
terminal of a mobile communication system makes a call and 

I 

send a response message to a message from a base station that 
uses the paging channel. Because several access channels 
are prepared for each paging channel, the channel data is 
sent to an access channel demodulator 90, an access channel 
demodulator 91, etc. of each channel so as to be demodulated 
there. The format of this access channel data is composed 
of a rhessage length ML, a message body MB, and an error check 
bit EC as shown in Fig. 17. The message body MB is composed 
of a message type MT, a positioning data number DD, and 
positioning data DA. A message for transferring position 
information is assigned to this message type MT so that 
positioning data can be transferred. 
[0069] 

Fig. 18 shows a block diagram of a positioning system 
that uses access channels. The mobile terminal 5 sends a 
positioning result to a base station via an access channel. 
This signal might also be received by a plurality of base 
stations, however. For example, a signal received by base 
stations 1, 2, and 3 is sent to a control station 100 and 
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duplicated data is deleted there according to the 

positioning data number DD included in the positioning data, 
then transferred to the user station (101, 102, and 103) . 
[0070] 

As described above, when an access channel is used, 
error occurrence is expected when the access channel is used 
for both of a telephone terminal of a mobile communication 
system and a positioning mobile terminal of the present 
invention. In order to avoid the trouble, therefore, the 
telephone terminal of the mobile communication system, 
because it uses a talking channel referred to as a traffic 
channel during talking, uses a traffic channel to transfer 
positioning data during the talking and uses an access 
channel to transfer positioning data when in the waiting 
state. This is why the present invention can realize a 
terminal usable as both a telephone terminal of the CDMA 
method digital mobile communication system and as a mobile 
terminal of a positioning system commonly. The format of 
the traffic channel is the same as that of the access channel 
shown in Fig. 17. The schematic configuration of the 
receiver channel is the same as that shown in Fig. 16. And, 
because there are several traffic channels for each paging 
channel just like the access channel, data is sent to a 
traffic channel demodulator 92 and a traffic channel 
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demodulator 93 of each traffic channel,... so as to be 

demodulated there respectively. 
[0071] 

When an access channel or traffic channel employed for 
the CDMA method digital mobile communication system is used 
for transferring positioning data, telephone terminals of 
mobile communication systems might be affected adversely by 
the use. In order to avoid the problem, therefore, a 
positioning-dedicated channel may be prepared. The format 
of the positioning-dedicated channel is not necessary be the 
same as that of any of existing channels of the CDMA method 
digital mobile communication system; it is only required to 
prepare positioning data numbers. In addition, a 
positioning-dedicated channel demodulator 94 is included in 
the receiver side channel configuration as shown in Fig. 16. 
A positioning system that uses a positioning-dedicated 
channel is the same as that shown in Fig. 18; the mobile 
terminal 5 sends positioning results via the 
positioning-dedicated channel. This signal might also be 
received by a plurality of base stations, however. The 
received signal is therefore sent to the control station 1 
so that duplicated data is deleted from the received signal 
according to the positioning data number included in the 
positioning data , then transferred to the user station (101, 
102, and 103) . 
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[0072] 

When the positioning-dedicated channel is used such 
way, the bit rate is lowered to. raise the spreading rate of 
the spread spectrum signals and reduce the sending power, 
thereby minimizing an adverse influence to be exerted on the 
telephone terminals of mobile communication systems. 
[0073] 

In this case, however, it is expected that both 
communication quality and system capacity are degraded due 
to an adverse influence exerted on those telephone terminals 
of mobile communication systems when a positioning mobile 
terminal makes an attempt to send data frequently. This is 
becaiise the positioning-dedicated channel uses the same 
frequency as those of existing channels of the CDMA method 
digital mobile communication system. The problem is 
avoided, however, by using a communication network 
independent of the CDMA method digital mobile communication 
system is used as a channel for transferring positioning 
data. There is no need to use the same format as that of 
the CDMA method digital mobile communication system for the 
messages of the channel, but at least positioning data 
numbers are needed. The configuration of the positioning 
system that uses such a positioning data transfer channel 
is as shown in Fig. 19. The mobile terminal 5 sends 
positioning results via the positioning data transfer 
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channel . The signals sent via the channel are received by 
the base station 19 of another system, then transferred from 
there to the user station (101, 102, and 103). 
[0074] 

[Effects of the Invention] 

As described above, the positioning system of the 
present invention is used to locate a position of each mobile 
station in a mobile communication system that employs the 
CDMA method for the communication among a plurality of base 
stations . The positioning system enables the mobile station 
to locate its position easily according to a sending delay 
difference of a spread spectrum signal of each of a plurality 
of base stations, obtained by subtracting a sending time 
difference predetermined for each of those base stations 
from each of the same series spread spectrum signals 
received from those base stations. 
[0075] 

The mobile station decides a receiving timing of a 
spread spectrum signal by using correlation value 
calculating means that generates the same spread spectrum 
signal as those received from a plurality of the base 
stations and calculates a correlation value between this 
spread spectrum signal and each of the respective spread 
spectrum signals received from a plurality of the base 
stations; a plurality of delaying means used to delay this 



-114- 



correlation value respectively; a plurality of comparing 
means used to compare among a plurality of the delayed 
signals received from a plurality of the delay means 
respectively; counting means used to count a receiving time 
of a spread spectrum signal thaf is over a predetermined 
energy among the delayed signals compared by those comparing 
means. It is thus possible to improve the detection 
performance of the PN codes of each spread spectrum signal, 
thereby reducing the PN code detection time. 
[0076] 

The mobile station decides the shortest timing spread 
spectrum signal among spread spectrum signals received from 
a plurality of the base stations at a plurality of timings 
via a multi-path as a receiving time of a spread spectrum 
signal sent from a predetermined base station. It is thus 
possible to improve the detection performance of the PN 
codes of each spread spectrum signal, thereby reducing the 
PN code detection time. 
[0077] 

Each correlation value is calculated by increasing 
the spread code length of a spread spectrum signal received 
from a base station far away from the mobile station. It 
is thus possible to improve the detection performance of the 
PN codes of each spread spectrum signal, thereby reducing 
the PN code detection time. 
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[0078] . 

The mobile station, after detecting spread spectrum 
signals received from a plurality of the base stations, 
increases the length of a spread code used to detect other 
spectrum spread codes , thereby searching whether or not 
there is a spread spectrum signal of an earlier timing than 
the timings of already detected spread spectrum signals. It 
is thus possible to improve the detection performance of the 
PN codes of each spread spectrum signal, thereby reducing 
the PN code detection time. 
[0079] 

The mobile station provided with a table that holds a 
spread spectrum signal sending time difference 
predetermined for each base station and the position 
information of the base station further includes; 

demodulating means that demodulates a sync channel 
message used to send cycle information of a spread spectrum 
signal received from each of a plurality of the base 
stations, thereby detecting a demodulation timing; shift 
amount extracting means that calculates a spread spectrum 
signal sending time difference of each of plurality of the 
base stations, obtained from the data demodulated by the 
demodulating means; received signal detecting means that 
detects a receiving time of each of the spread spectrum 
signals; timing extracting means that finds a reference 
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timing of received signals according to a demodulation 
timing received from the demodulating means, a sending time 
difference received from the shift value extracting means, 
and a receiving time of a spread spectrum signal received 
from the received signal detecting means; base station 
coordinate outputting means that finds coordinate 
information of each of a plurality of the base stations from 
the reference timing of received signals extracted by the 
timing extracting means respectively; and positioning means 
that calculates a position of each of a plurality of the base 
stations from both receiving time and sending time 
difference of each of a plurality of the base stations, 
received from the timing extracting means, as well as 
coordinate information of each of a plurality of the base 
stations received from the base station coordinate 
outputting means. It is thus possible to easily obtain 
position information each necessary base station for 
calculating a position of the mobile station. 
[0080] 

Here, a a sync channel used to send the cycle 
information of the spread spectrum signal from each of a 
plurality of base stations, a paging channel used to send 
channel assignment information, or a positioning-dedicated 
channel is used for sending the message that includes both 
spread spectrum signal sending time difference and 
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coordinate information of the predetermined base station 
and each of the base stations in its neighborhood. It is 
thus possible to easily obtain position information each 
necessary base station for calculating a position of the 
mobile station. 
[0081] 

The data rate of the positioning-dedicated channel is 
lowered while the spreading rate of the spread spectrum 
signal is raised. It is thus possible to suppress adverse 
influences to be exerted on the original services of the CDMA 
digital mobile communication system. 
[0082] 

i, Coordinate information of the predetermined base 
station is sent as is while only a difference from that of 
the predetermined base station is sent from each of the base 
stations in the neighborhood of the predetermined base 
station. It is thus possible to suppress adverse influences 
to be exerted on the original services of the CDMA digital 
mobile communication system. 
[0083] 

An error detection code or error correction code of 
each base station is sent together with both spread spectrum 
signal sending time difference and coordinate information 
of the predetermined base station and the respective base 
stations in its neighborhood. It is thus possible to make 
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positioning even when an error occurs in the data of a base 

station unnecessary for the mobile terminal. 

[0084] 

An access channel in a communication channel from the 
mobile station to a base station is used to send the position 
information of the mobile station to the base station or 
positioning-dedicated management station. It is thus 
possible to transfer positioning results to each user 
station from a mobile terminal whose position is calculated 
by the CDMA digital mobile communication system. 
[0085] 

The mobile station uses the access channel when in a 
waiting state and uses a traffic channel prepared for 
sending voice information when in a busy state, thereby 
sending the position information' of the mobile station to 
the base station or positioning-dedicated management 
station. It is thus possible to transfer positioning 
results to each user station from a mobile terminal whose 
position is calculated by the CDMA digital mobile 
communication system . 
[0086] 

In this case, the communication channel from the 
mobile station to the base station is provided with a 
positioning result sending channel used to send the position 
information of the mobile station to the base station or 



-119- 



positioning-dedicated management station. It is thus 
possible to transfer positioning results to each user 
station from a mobile terminal whose position is calculated 
by the CDMA digital mobile communication system. 
[0087] 

The data rate of the spread spectrum signal sent from 
the mobile station is lowered while the spreading rate of 
the spread spectrum signal is raised. It is thus possible 
to transfer positioning results to each user station from 
a mobile terminal whose position is calculated by the CDMA 
digital mobile communication system. 
[0088] 

L The mobile station uses a frequency channel that is 
not used for the mobile communication system so as to send 
position information of the mobile station to a plurality 
of the base stations belonging to the mobile communication 
system, the positioning-dedicated management station, or a 
plurality of the base stations belonging to an existing 
network. It is thus possible to transfer positioning 
results to each user station from a mobile terminal whose 
position is located. 
[Brief Description of the Drawings] 

Fig.l is a conceptual block diagram of a positioning 
system of the present invention. 
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Fig.2 is a schematic block diagram of a channel from 
a base station to a mobile station in the CDMA method digital 
mobile communication system. 

Fig. 3 is a schematic circuit diagram of a PN code 
detection circuit of the mobile terminal. 

Fig. 4 shows an output from the PN code detection 
circuit shown in Fig. 3. 

Fig. 5 is a schematic circuit diagram of a second PN code 
detection circuit . 

Fig. 6 shows a time of each base station, detected by 
the mobile terminal. 

Fig. 7 is a schematic circuit diagram of the PN code 
detection circuit of the mobile terminal. 

Fig. 8 is a schematic circuit diagram of the PN code 
detection circuit of a second mobile terminal. 

Fig. 9 is a timing chart of the PN code detection circuit 
shown in Fig. 8. 

Fig. 10 is a schematic block diagram of the mobile 
terminal . 

Fig. 11 is a schematic block diagram of a mobile 
terminal that uses a sync channel. 

Fig. 12 is a format of a message transferred from a base 
station to a mobile station. 

Fig. 13 is a schematic block diagram of a mobile 
terminal that uses a paging channel. 
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Fig.l4 is a schematic block diagram of a mobile 
terminal that uses a positioning-dedicated channel. 

Fig. 15 is a format of a message sent from each base 
station . 

Fig. 16 is a schematic block diagram of a base station 
receiver of channels from a mobile terminal to base stations 
in the CDMA method digital mobile communication system. 

Fig. 17 is a format of positioning data. 

Fig. 18 is a schematic block diagram of a system that 
transfers positioning data to each user station via the 
positioning system of the present invention. 

Fig. 19 is a schematic block diagram of a second system 
thatitransf ers positioning data to each user station via the 
positioning system of the present invention. 

. Fig. 20 is a schematic block diagram of a digital mobile 
communication system. 

Fig. 21 is a schematic block diagram of wave sending in 
land mobile communication. 

Fig. 22 shows a relationship between a distance from a 
base station and a signal strength in land mobile 
communication . 

[Explanation of Reference Numerals] 

1, 2, 3, 4... Base Station 

5... Mobile Terminal 

6, 23... PN Code Generator 
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14... Channel Adder 

15, 20, 96.., Antenna 

16, 21, 95.,. Receiver 
17... Matched Filter 

19... Base Station of Another System 
30... PN Code Correlator 
40... PN Code Detector 

50, 60, 70, 80... Sync Channel Demodulator 

51, 61, 71, 81... PN Time Shift Amount Extraction Circuit 
52 , 62, 72, 82... PN Code Detector 

53, 63, 73, 83... PN Code Timing Extraction Circuit of Each 
Base Station 

54, 6,4, 74, 84... Base Station Coordinate Output Circuit 

55, 65, 75, 85... Position Calculation Circuit 

66, 76, 86... Base Station Coordinate Information Extraction 
Circuit 

77... Paging Channel Demodulator 

87... Positioning-Dedicated Channel Demodulator 

90, 91... Access Channel Modulator 

92, 93... Traffic Channel Demodulator 

94... Positioning-Dedicated Channel Demodulator 
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DRAWINGS 

[FIGURE 1] 

SJfi^ BASE STATION 1 
^Wi^^ MOBILE TERMINAL 5 
[FIGURE 2] 

6: PN CODE GENERATOR 
WALSH CODE 0 

/HfD (ALL 0) 
V'>'i5'5^-Y>^-/^'r — ^ SYNC CHANNEL DATA 
V^^^^-^r ^'^/U SYNC CHANNEL 

■^—i^yi!f'^^y^-/l^'f—^ PAGING CHANNEL DATA 

V^>'^'^-t PAGING CHANNEL 

h V Zt,^ y^^^ — ^ TRAFFIC CHANNEL DATA 

yy'7>{y^f'\y^-f^ TRAFFIC CHANNEL 
^•^:/^/W:^J[]^^ CHANNEL ADDER 
SiW^P^'^ TO BASE STATION MODULATOR 
[FIGURE 3] 

^{f^ RECEIVER 

-^y^V . MATCHED FILTER 

[FIGURE 4] 

#1: ABOUT 26.7ms 

[FIGURE 5] 

21: RECEIVER 

23: PN CODE GENERATOR 

24: INTEGRATOR 
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26: CONTROL CIRCUIT 
25: HOLD CIRCUIT 
[FIGURE 7] 

30: PN CODE CORRELATOR 
31: DELAY 
32: DELAY 

33: COMPARISON a<b 

34: COMPARISON c<b 

35: COMPARISON b>d 

37: RECORDING CONTROL CIRCUIT 

38: RECORDING MEDIUM 

39: CLOCK 

[FIGOEE 8] 

^jfff-^ RECEIVED SIGNAL RX 
40: PN CODE DETECTOR 
7"/^T y 'f PULL-UP 
y ir :y Mf-^RE RESET SIGNAL 
[FIGURE 9] 

PN^f-i-tBH^ PN CODE DETECTOR OUTPUT OD 
^tB^fsIlP DETECTION PERIOD IP 
y-feyh-ff-^RE RESET SIGNAL RE 
Sii^jf -^WR WRITE SIGNAL WR 

D7 y :y7°7n -/yottfti D FLIP-FLOP STATE 
[FIGURE 10] 

^iffg-^ RECEIVED SIGNAL 
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50: SYNC CHANNEL DEMODULATOR 

iyV'!7 • ^•^^^^>yw • -r— ^ SYNC channel data 

51: PN TIME SHIFT AMOUNT EXTRACTION CIRCUIT 

■9W^Wyy M: PN TIME SHIFT AMOUNT 

54: BASE STATION COORDINATE OUTPUT CIRCUIT 

PN^^-^^J^'f ^ >'iJ^' PN CODE TIMING 

W^^^^^y'^ DEMODULATION TIMING 

52: PN CODE DETECTOR 

53: PN CODE TIMING EXTRACTION CIRCUIT OF EACH BASE STATION 
55: POSITION CALCULATION CIRCUIT 

^Sb^COjiM POSITION OF MOBILE STATION 
[FIGURE 11] 

Sff'ff.# RECEIVED SIGNAL 

60: SYNC CHANNEL DEMODULATOR 

MMMWf—'^ COORDINATE INFORMATION DATA 

61: PN TIME SHIFT AMOUNT EXTRACTION CIRCUIT 

PNB#PBliy7 hi PN TIME SHIFT AMOUNT 

64: BASE STATION COORDINATE OUTPUT CIRCUIT 

PN^^-i-^^l' PN CODE TIMING 

DEMODULATION TIMING 
62: PN CODE DETECTOR 

63: PN CODE TIMING EXTRACTION CIRCUIT OF EACH BASE STATION 
65: POSITION CALCULATION CIRCUIT 
^W}^(D^M. POSITION OF MOBILE STATION 
[FIGURE 12] 
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^ y±^iy^l/lL MESSAGE LENGTH ML 
7< :y-fe — V^^X-fMB MESSAGE BODY MB 

y±—>''$'4 7"mt message type mt 

T — '^DT DATA DT 

' 'fa:^^ ^ • \fy hEC ERROR CHECK BIT EC 
[FIGURE 13] 

^itit-^ RECEIVED SIGNAL 

70: SYNC CHANNEL DEMODULATOR 

i^^'^ • ^-^y^/^T — ^ SYNC CHANNEL DATA 

71: PN TIME SHIFT AMOUNT EXTRACTION CIRCUIT 

PNB#fBlv7 hS. PN TIME SHIFT AMOUNT 

74: BASE STATION COORDINATE OUTPUT CIRCUIT 

PN^f-^:?^ ^y-^f PN CODE TIMING 

^ii^-f 5: ^-^J^' DEMODULATION TIMING 

72: PN CODE DETECTOR 

73: PN CODE TIMING EXTRACTION CIRCUIT OF EACH BASE STATION 
75: POSITION CALCULATION CIRCUIT 
^Sb^O-fig POSITION OF MOBILE STATION 
[FIGURE 14] 

^{f'lt-^ RECEIVED SIGNAL 

80: SYNC CHANNEL DEMODULATOR 

"^y^ ' '^^l/^-^)\y'f—'^ SYNC CHANNEL DATA 

81: PN TIME SHIFT AMOUNT EXTRACTION CIRCUIT 

PNA^Pb^V/:? PN TIME SHIFT AMOUNT 

84: BASE STATION COORDINATE OUTPUT CIRCUIT 
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PN^^-^^'f ^ PN CODE TIMING 

W.M'^'^^yi!^ DEMODULATION TIMING 
82: PN CODE DETECTOR 

83: PN CODE TIMING EXTRACTION CIRCUIT OF EACH BASE STATION 
85: POSITION CALCULATION CIRCUIT 
^WiM(D\uM. POSITION OF MOBILE STATION 
[FIGURE 15] 

^M'f^^ SELF-STATION DATA DTi 
'^x.y^yfyVC'Bi CHECK BIT CBi 
SJ^k^-r— ^DT2 BASE STATION DATA DTg 
=f':iLy ^ \fy YCBz CHECK BIT CB2 
SJft^X — BASE STATION DATA DTn 
h CHECK BIT CBn 

[FIGURE 16] 

90: ACCESS CHANNEL DEMODULATOR 

91: ACCESS CHANNEL DEMODULATOR 

92: TRAFFIC CHANNEL DEMODULATOR 

93: TRAFFIC CHANNEL DEMODULATOR 

94: POSITIONING-DEDICATED CHANNEL DEMODULATOR 

95: RECEIVER 

[FIGURE 17] 

^ -y-^^iz-^lVL MESSAGE LENGTH ML 
}f- y-^ — i/ MB MES SAGE BODY MB 
p{ y^^fj . -/j^^ MESSAGE TYPE MT 

— ^#-^DD POSITIONING DATA NUMBER DD 
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S'J^T — ^DA POSITIONING DATA DA 

— • '^^y^ ' k'^y h ERROR CHECK BIT 
[FIGURE 18] 
MMM BASE STATION 
^W]^M MOBILE TERMINAL 
100: CONTROL STATION 
101-103: USER STATION 
[FIGURE 19] 

BASE STATION 
5: MOBILE TERMINAL 
100: CONTROL STATION 

19: BASE STATION OF ANOTHER SYSTEM 
101-103: USER STATION 
[FIGURE 20] 
201: AREA 

BASE STATION 
204: MOBILE TERMINAL 
200: SWITCHING CONTROL STATION 
^^0^^ PUBLIC LINE NETWORK 
203: AREA 
[FIGURE 21] 

BASE STATION 
E^I^DW DIRECT WAVE DETECTION DW 
^M^RVI REFLECTED WAVE RW 



